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Clearing of emergency rescue routes through street debris would be most urgent oper- 
ation following a nuclear attack or other massive debris causing event.   Paths at 
least wide enough to pass ambulances, rescue vehicles and fire trucks will be requirec 
where there may be survivors or facilities   which must be protected for survivors. 

This study analyzes the debris potential in 24 residential situations ranging from 
single family units to multi-story apartments, all subject to 2,4,6 and 10 psi over- 
pressures.   The effectiveness of the application of the resources which would more 
than likely be available in the first three hours is evaluated. 

At 4 psi, and less, routes can be cleared for rescue in just about any part of a city. 
Quite a few routes can be cleared at 6 psi except in very densely built up areas and 
at 10 psi or more routes in three hours will be possible only in areas with very low 
building density. 
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DETACHABLE SUMMARY 

DEBRIS CLEARING TIMES 

AFFECTING CRITICAL SURVIVAL ACTIONS 

GENERAL 

The most critical time following a nuclear attack or other massive 

debris creating disaster in a large city would be the first few hours after 

the event.   This study analyzes what might be expected to be achieved in 

debris clearing in three hours with resources likely to be available to most 

urban areas after a nuclear explosion.   Some 24 different sets of conditions 

in residential areas are examined with conclusions and recommendations 

presented. 
I: 

In an emergency where debris has been deposited in the street, it 

will be essential to clear many rescue routes through the streets in a very 

few hours.   These routes need be only wide enough for one way passage of 

rescue cars, ambulances or firetrucks as their primary purpose would be 

for rescue, fire fighting or fire prevention.   The cleared paths may also 

serve as fire breaks. 

The minimum clearing width or path for most equipment is in the 

range of 10 to 16 feet which is adequate for one way traffic.   The equipment 

operator can take advantage of low spots and avoid higher piles of debris. 

This would result in a meandering route.   Occasionally wide spots should 

occur naturally and provide sufficient places for vehicle passage.   If not, 

passing areas should be provided. 

£> 
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PRE-EVENT PLANNING 

Cities should be divided into zones for emergency control for all 

activities, including debris removal.   From the standpoint of debris re- 

moval, it would be desirable for these zones to be about 5 miles by 5 
f 
I 

miles in size and have a marshalling and control area near their center. 

I 
Shopping centers or school yards, having ample parking space for equip- 

j 

ment, are good candidates.   These areas are celled Multi-purpose Staging 
I 
1 

Areas or MSA. 
| 
i- 

From the standooint of planning debris removal and implementation, 
! 

it would be desirable to establish zones which would have fairly uniform 

i conditions throughout, such as type of building construction, size, use 

and density.   These ideal conditions will occur infrequently so the estab- 

lished guidelines should be used for the nredominant or average physical 
; i 

features within the zone. 
f 
I A survey of the probable debris conditions has been made for the 

I 24 hypothetical situations in this study; at 2, 4, 6 and 10 psi overpres- 
1 

Pure for 6 areas of single and multiple unit dwellings, including wood 

frame buildings, masonry buildings and multi-story apartment houses. 

Plans should account for resources required in debris removal 

i.e. , equipment, operators, supplies, etc. which should be inventoried 

and assigned to MSA's. 

DEBRIS SITUATION 

The 24 situations examined in detail showed average debris depths 

i 
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varying from 0 to 16 feet.   There were 16 of less than one foot, 5 from one 

to three feet and 3 of over three feet deep.   Debris volumes varied up to 

20 cubic yards per lineal foot of route. 

RESOURCES 

An analysis cf several urban areas makes it fairly certain that 

there will be enough critical resources i.e. bulldozers and front end load- 

ers , in most areas capable of clearing a significant number of emergency 

routes within 3 hours.   The estimated number of 150 to 300 horsepower 

tractors needed will be 10 to 20 per zone.   Some urban areas would have 

10 to 20 zones per city, giving a total of 100 to 200 tractors required per 

city depending on analysis of debris conditions that would occur. 

Operating personnel will be available and can be obtained from 

local or neighboring union headquarters or general contractors in the area. 

PERFORMANCE 

Equipment allocation was based on an inventory of equipment in 

the San Francisco area.   For this analysis equipment was mobilized at the 

MSA in advance of a nuclear event ard fueled so that it could operate for 

at least one eight hour shift without seivice. 

A 5 x 5 mile zone was mapped with an MSA near its center.   Six- 

teen routes of 2-1/2 to 3-1/2 miles in length were plotted for each of 6 

zone situations.    This route layout would make any spot in the zone within 

a half mile of a cleared route.   Jn a real situation th° plotted routes would 

go to the most critical spots in the particular zone. 

'i 
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The analysis showed that: 

1. At 2 psi all routes could be cleared in single family and 

high rise residential areas. 

2. At 4 psi nearly all routes could be cleared in single family 

areas and about 5 in high rise areas. 

3. At 6 psi 4 to 16 routes could be cleared in single family areas 

but none in the high rise areas. 

4. At 10 psi one route in each of two of the four single family 

zone situations could be cleared and about 300 to 9000 lineal 

feet could be opened in the other 4 zone types. 

if 
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PREFACE 
'% 
-:° 

This is an analysis of the capabi'ity to clear debris rapidly from 
- 
i 
t 

critical routes of minimum width in an urban area following a nuclear ex- 
7 

plosion.   The objective is to determine how many route? may be cleared 

through areas of single and multiple unit residential dwellings, within the 

first three hours after an event.   These routes will be cleared for one-lane 

access of emergency vehicles using standard excavation equipment likely 

to be available to most cities. 

This study has been made by Jacobs Associates under the sponsor- 

ship of the Defense Civil Preparedness Agency.   Mrs. Eula Stull is Con- 

tracting Officer and Mr. M. A. Pachuta is the Contracting Officer's Tech- 

nical Representative.   Mr. Pachuta and Mr. W. E. Strope of the DCPA 

office have furnished very valuable technical guidance for this analysis. 



routes car be cleared through residential single family areas but only a 

limited number of routes in high rise construction areas (high building 

dens':'/) can be cleared in that time frame.   It will be impossible to clear 

any significant number of routes at pressures above 6 psi except in areas 

of very low building density. 

n 

ABSTRACT 

| 
Equipment most useful in debris clearing for emergency routes 

4 
through city streets after a nuclear explosion would be bulldozers and 

I | 
front end loaders.   In areas where debris quantities are minimal, motor- 

graders or possibly street sweepers could be used. 

Most of these vehicles will clear 10 K) 16 foot width in one pass 
- 

which is more than adequate for one way traffic of ambulances, fire trucks 

and other rescue vehicles.    The naturally occurring, occasional, sparse 

debris depositions in most cases will provide adequate wide spots for pass- 

ing oncoming or slower traffic. 

Fortunately in most urban areas the aoove types of equipment are 

rather plentiful as they are used for general building construction or in 

i 
street and highway work.   Preliminary evaluations indicate that in and near 

s, 
the cities there will be more than one piece of equipment for every two 

i 

square miles. 
I 

This analysis shows that for detonations creating overpressures of 

4 psi or less the available equipment and personnel will be able to clear 

I emergency routes to just about any spot within the residential sections of a 

1 
city within three hours after being deployed.   Where pressure is 6 psi 



General guidelines for debris removal are summarized in Appendix A. 

These guidelines describe overall procedures for analyzing potential debris 

situations; locating and mobilizing resources; and assigning resources to 

specific tasks. 

111 
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1.0        INTRODUCTION 
1'  

Debris removal from the streets for access of emergency vehicles is 

one of the first activities required in a recovery operation following one of 

several possible catastrophic events.   Such an event might be a nuclear ex- 

plosion, other enemy activity, an earthquake, one of several kinds of storms, 

or it may be the result of civil disorders.   Several studies have been made 

as to the effects of a nuclea: explosion, which is potentially the most 

severe of these.   The data frcm prior studies on nuclear explosions are used 

as a background in this analysis, but the findings may be applicable to any 

of the other debris forming events. 

The principal object of this analysis is to determine the effectiveness 

of construction equipment which is likely to be available in an urban area 

in clearing emergency paths during the first few hours following a catastro- 

phic event.   As a part of this study effort, guidelines are described to 

evaluate and implement a debris removal operation using hypothetical situa- 

tions . 

The widths of routes cleared for emergency vehicles need to be about 

3 feet.    Minimum widths which are possible to clear with available equip- 

ment would be at least 8 feet, with some of the equipment paths up to 12 or 

16 feet. 

The debris planning is separated into three parts.    First, available 

resources such as equipment and operators are located, inventoried and 

assigned to a particular area based on an overall plan.   Next, debris creat- 

ing potential is assessed for each area taking into account the many vari- 
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abies of physical dimensions and possible severity of damage caused by an 

explosion.   Third, the available resources are assigned specific tasks to 

evaluate how effective they will be in a variety of situations. 

Appendix A of the study gives summarized guidelines for use in ap- 

praising a local situation. 
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2.0 BACKGROUND 

Previous studies (Reference 2, etc.) provide data for estimating the 

volume, nature and distribution of debris using building heights, their con- 

centrations, and the influence of variables such as street width.   Debris 

volume generated is related to the overpressure caused by the explosion in 

the area to be cleared and whether or not fires have been started or con- 

trolled. 

Some 20 building types have been described in other studies (Re- 

ference 1).   Building use has been classified in three categories as commer- 

cial, residential and industrial.   Only single and multiple unit residential 

dwellings are considered in this analysis.   However, the analysis can be 

applied to other building type and use categories. 

Much of the past work on debris has been with moderately large 

or large cities as the focal point. This study makes use of data provided by 

more general work in debris removal for the Detroit and San Francisco areas. 

Former debris removal studies have been made with the idea of 

having a few days to a few weeks in which to perform the total emergency 

debris removal tasks.   This effort is aimed at determining how much can be 

accomplished in the first critical three hours after an event. 

Research studies have been made covering a variety of emergency 

activities following a nuclear event.   These plans include provisions for re- 

establishing production and distribution of food and utilities and re-estab- 

lishing facilities for sanitation among other things.   These provisional plans 

also include the administration of the total rescue operation.   An accepted 

t 



supposition of most of these plans is that the urban areas will be divided 

into zones for administrative control.   Ea^.  zone will have an operating 

control center where resources will be gathered and these are called Multi- 

purpose Staging Areas, or MSA. 

Analyses have been made regarding the productivity of conven- 

tional construction equipment in emergency debris removal operations in 

Reference 2.   These studies have provided data used in this study on re- 

sources which might be available. 

:; 
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3.0        HYPOTHETICAL SITUATIONS DEFINED 

Several hypothetical situations are described in which building 

debris would be created by a catastrophic event in a city.   The event con- 

sidered for this study is a nuclear explosion resulting in various ranges 

of overpressures depending on the distance of a particular area from the 

point of detonation.   Conditions for immediate post event activities and 

requirements are assumed and described.   The basic assumption is that 

there will be a need for up to sixteen, debris cleared routes per zone, of 

a minimum width to pass emergency vehicles such as ambulances and fire 

trucks.   A maximum expected route length for each specific task is assumed 

to be 2.5 to 3. 5 miles from any particular MSA. 

The situations set up for analysis include several types of resi- 

| 
dential buildings, including woodframe, multi-story reinforced concrete 

P 
f 

etc. , with one building construction type assumed in each of six hypotheti- 
1 

cal zones described. 

f Four levels of damage creating forces, or overpressure, (2, 4, 6 
iß' 

and 10 psi) are analyzed for each of the six zones.   Thus the study reflects 
I I 

the analysis cf four overpressures for six general types of building construc- 

tion, or 24 separate situations in all. 

An inventory of debris removal resources or construction equipment 

is assumed.   This hypothetical inventory is based on actual inventory data 

gathered in prior research studies on debris generation and removal in Sa™ 

Francisco.    Most of the other assumed parameters are based on similar 

studies. 



. 

The effects of fallout and radioactivity at early times are beyond 

the scope of this study, therefore, for this analysis it does not matter 

whether it was a ground or air detonation. 

3.1     Route Requirements 

The route length depends on the purpose or need for clearing 

to reach the specific goals.    The volume to be handled varies with debris 

depth.   Speed of removal depends on the equipment available.   Other con- 

siderations may be important in route design, but the purpose, time avail- 

able and probable route length and depth are the most critical items on 

which management must base their decisions of priority.   Variables such 

as depth or type of debris are controlled by the event and type of construc- 

tion within the area and determine the difficulty of clearing the route within 

a specified time. 

Procedures are analyzed to determine whether resources 

which are normally expected to be available can clear a route within a 

reasonable time.   An exercise for determining the reliability of a procedure, 

such as this, should be tested under various circumstances possible in a 

large city.   Detroit has been used as an example in other studies and will 

be used as a point of reference in this study, but, the analysis will be pre- 

sented so that the findings may be applied to any other large city. 

It is assumed that the city will have been divided into areas 

or zones for emergency control of civil defense activities and that these 

zones will average live miles by five miles in size   or 25 square miles in 

area with a centrally located MS\.   Major routes will emanate from the MSA 



but several may start at points other than the MSA, usually by equipment 

that can crawl over debris between the MSA and other starting points. 

The goal of this exercise will be to get a minimum width of access 

route cleared from the MSA to the outer limits of the zone, in a very few 

hours.   As many of these connecting links as possible will be attempted. 
( 

By the above definitions of zone, length of routes will vary from about 2.5 
i 

miles long to over 3.5 miles.   Figure 3.1 shows an idealized zone which will 

be used as an example. 

Sixteen hypothetical tasks or routes have- been defined using these 

assumptions as a guide.   (Figure 3.1)   Four that are 2.5 mile routes, (and 

have been round.vd off at 13,000 feet long), will start at the central MS/ and 

drive directly to the mid point of each of the 4 sides of the zone.   These are 

f numbered 1 through 4.   At mid length of each of these four 2.5 mile routes, 

two additional 2.5 mile long routes will start in opposite directions and, at 

right ancles to the original route.    Thus 8 more tasks and route numbers 5 

through i"! are added.   These latter eight routes originate at some distance 

from the MSA and so in many cases will be done with crawler equipment 

which can travel over debris to avoid waiting for the access route to be 

cleared to the starting point.   Resources permitting, four additional routes 

will be started at the MSA and driven in as direct a line as possible to the 

four corners of the zone.   Each of these diagonal routes will be over 3.5 

miles or an assumed 20,000 feet long.   These are convenient route assump- 

tions for this analysis to correlate results for varying conditions.    Naturally 

the local situation will dictate actual route locations and direction. 

B 



Il 
N 

j 

&£'&CU£  Sows 

5 rt,'/<*><*■ 

Nar£^ : 

2 -   ^A/or/ arrr'&^'S- \^//'//? "^"^/'ve* «-r/<sr^-/ one/ 

^  -   fs/umhgr'f t'rj c/r<?/&sr *vvY/4r 4"h&rf crrrowsg- 

4 -   t/acr\'y //rta* crr& cgez.-rct-c*/ /c>carf/c>r7   &f 

5 -   Arrow*" &rr route ■tfJioi-/ &ncJ &/ r&v/e . 

FIGURE 3.1 

8 

■-■   „„j.^a^i 



»»Xi^-tsaso«^- • — a-"* ,   vrwrser-xVcmNW /f^f^SmVf^^T?^^^'-K •S7^P^TWnyeä?^^^s**"i'1'^!S^^^^ 

r 

The hypothetical routes on Figure 3,1 have a priority based on the 

smallest route number having the highest priority.   It may be necessary to 

assign equipment to routes of lessor priority if the only equipment remaining 

to be assigned is rubber tired and the higher priority routes remaining start 

at some distance from the MSA. 

A minimum width of only 8 feet is required for ambulance, truck or 

rescue automobile, but, at least 10 to 16 feet must be provided in most cases 

to accommodate the debris removing vehicle's minimum blade or working 

width.   This minimum width will vary from about 10 feet to 12 feet for front 

end loaders and 12 to 16 feet for bulldozers. 

The equipment shown on Table 3.1 is representative of the type of 

equipment, likely to be available, which can be used effectively in the cri- 

tical emergency period being considered.   It consists of motor graders and 

different sizes of front end loaders and bulldozers of both wheeled and 

craw er types.   The equipment "code" is part of a system established in 

Reference 3 and further described in Reference 2.   Code numbers have been 

assigned to all types of excavation equipment to simplify inventory of re- 

sources so that, for example, crawler tractors of similar size and capabili- 

ties can be grouped together regardless of manufacturer. 

3.2   Clearance Time 

It is required to establish the clearance capability of equipment 

in the emergency period in the critical time period immediately following a 

debris causing event.    For this analysis the time available has been estab- 

lished as three hours.   It is also assumed that this is an event for which 

9 
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ROUTE yyiDTHS 

FOR 

EQUIPMENT TYPES SELECTED 

EQUIP. 
CODE 

EQUIPMENT 
DESCRIPTION 

Approx. 
hp. 

Norm. 
Blade 

Length 
Feet 

Route 
Width 

Feet 

141 Motor Grader 128 12 14 

160 Cr. Fr. End Loader 112 7 10 

161 Wh.  Fr. End Loader 123 8 10 

162 Cr. Fr. End Loader 164 8 10 

163 Wh. Fr. End Loader 181 9 10 

165 Wh. Fr. End Loader 230 10 12 

167 Wh.  Fr. End Loader 275 10 12 

280 Cr. - Bulldozer 124 11 12 

284 Li.  - Bulldozer 225 13 14 

286 Cr. - Bulldozer 270 14 16 

288 Cr.  - Bulldozer 350 15 16 

Cr.  - Crawler 
Wh. - Wheeled 

TABLE 3.1 
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there nas been some warning permitting mobilization of equipment fueled 

for at least one 8 hour shift of operation, and other resources, including 

man power, at the MSA. 

3.3 Purpose 

This effort is primarily for rescue of people, passage of fire 

fighting equipment, or access to essential utilities or other resources. 

Fires, which may have been set by the event, or its after-effects, are in 

the ignition stage eind will not affect the volume or type of the debris, nor 

will its presence be severe enough to affect the efficiency of the debris re- 

moval operation. 

3.4 Building Type and Use 

It is unlikely that many cities will have any area 5 miles 

square which will be completely composed of buildings for one use, or of 

one type of construction.   For the purpose of evaluation of techniques, how- 

ever, the assumption is made that there are six distinct homogeneous areas 

of this 5x5 mile size and that only one type and use of building does pre- 

dominate in each of them.   This predominance of structure types is a possible 

occurrence in some cities. 

The northwest section of Detroit is about 5 x 10 miles of area 

fairly uniformly saturated with single family dwellings.   Most of these are 

masonry construction.   The western part of the south central section of the 

city contains an area that is almost 5x5 miles of saturated industrial con- 

struction.   All other areas are a heterogeneous mixture of two family or 

multi-family units with commercial industrial buildings interspersed. 

11 
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This general description would fit several other cities.   There are 

some that are less saturated, or congested, such as Los Angeles and 

Houston.   Some are more joncentrated such as New York and San Francisco. 

All probably have one area which would present a problem potential similar 

to one of those used in this study. 

As has been stated, it is assumed that there are six distinct resi- 

dential areas each having one type of construction predominating as shown 

in Table 3.2.   This table also shows the assumed street width, the percen- 

tage of land covered by buildings and other pertinent data that would have 

been observed on pre-event surveys and recorded on Debris Prediction Sur- 

vey forms (DPS forms from Reference 2) for that purpose for each zone. 

These DPS forms will be described in Section 5 of this study.   All blocks 

are presumed to be 300 feet x 400 feet. 

An analysis of Table 3.2 will show that the first three zones could 

be classed as zones of single family dwellings on normal city lots with 

space around them.   The first two are frame and the third is brick.   Zone 

four would represent a town house type of construction where single family 

units join each other and are very close to, or are adjacent to, the street 

line.   Zones five and six are multi-story apartment complexes, representing 

two heights and differences in construction. 

3.5       Other Inclusions 

It will be assumed that there are a moderate number of trees 

and poles in each of the areas and that traffic was negligible because of the 

pre-warning period. 

12 
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PHYSICAL DESCPIPTION 

OF 

SIX ZONES 

1 

v 

% LAND 
AVERAGE COVERED STREET 

ZONE BUILDING BUILDING BY WIDTH BL:OG. 
NO. USE HGT.   FT. BUILDINGS "EET TYPE* 

1 Resid. 30 20 80 1 

2 Resid. 50 20 80 1 

3 Resid. 50 20 80 2 

4 Resid. 50 50 60 2 

5 Resid. 100 '/0 60 14 

6 Resid. 200 70 60 11 

*   Building type is from Reference 1 and for those used here are: 

1 -  Wood Frame 

2 -   Unreinforced Masonry 

11   -   Multi-Story Steel Reinforced Concrete Frame Shearwall 

14   -  Multi-Story Steel Frame Masonry Exterior Panels 

TABLE 3.2 

13 
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4.0        DEbKlS CLEARING EQUIPMENT 

Only certain types of excavation equipment will be useful for 

debris removal during the first three hours after a disaster.   Fortunately 

these types are usually found in all cities.   Methods of judging their per- 

formance are given. 

4.1     Equipment Allocation 

A construction equipment inventory was made for the San 

Francisco metropolitan area in Reference 2.   In this report the assumption 

is made that similar equipment quantities and types would be available in 

any large metropolitan area of the same approximate size, including Detroit, 

the focal point cf this study.   This seems to be a valid conclusion by the 

investigators who have been active in the use and or sale or purchase of 

this type of equipment in nearly every area of the United States.   This 

might be checked in the future to see if there is a significant difference in 

equipment availability in the various areas of the nation with respect to 

number of units per square mile, type of equipment or size of units. 

A summary of the type of key equipment in the San Francisco 

inventory which is appropriate to be used for this exercise is shown in 

Table 4.1.   It is assumed that only bulldozers, front end loaders and motor 

graders will be used in the immediate post event situation.   Power shovels 

will not be considered as they are too slow to clear any significant distance 

in three hours; and if debris is deep enough to require power shovels there 

won't be many routes cleared in three hours.   Table 4.1 shows a reasonable 

equipment allocation to each of 16 zones, assuming the city or area had six- 

14 



EQUIPMENT CITY INVENTOR/ 

AND ALLOCATION TO ZONES 

(ASSUMED QUANTITIES) 

Equip. 
Code 

City 
Total 

No. 
To 

Zone 
Approx. 
H.P. 

Brief Description 
CR = Crawler 
WH - Wheeled 

141 39 2 125 Motor Grader 

145 2 0 225 Motor Grader 

160 19 1 120 (~* K— r *i* • J-*• 

161 17 1 125 WH- F.E.L. 

162 26 3 160 CR- F.E.L. 

163 23 2 180 WH- F.E.L. 

165 20 1 230 WH - F.E.L. 

166 1 0 254 CR- F.E.L. 

167 9 1 300 WH- F.E.L. 

169 5 0 300 WH- F.E.L. 

176 1 0 275 CR-F.E.L. Side Dump 

264 8 0 210 2 Cu.Yd.Shovel-CR 

280 31 2 125 CR - Dozer 

283 1 0 170 WH - Dozer 

284 12 2 225 CR- Dozer 

286 37 2 275 CR - Dozer 

288 13 1 350 CR- Dozer 

289 4 0 300 WH- Dozer 

* F.E.L.   is Front End Loader; CR is Crawler; WH is Wheeled 

TABLE 4.1 
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teen zones tc supply. 
If! 

i. 

The allocation of equipment is based on the assumption that the 
1 
I 

metropolitan area of Detroit and similar cities will be about 20 miles by 20 

miles in dimension, or that equivalent in area.   This means that there will 

be an average of about 16, 5 mile x 5 mile zones in such a metropolitan 

complex.    Perhaps these 16 zones will include several smaller cities as 

well as the major city.   The allocations of equipment quantities by types 
I 

shown in Table 4.1 are based on the assumption of the viability of the San 

Francisco equipment   nventory's being approximately duplicated in other 

similar urban areas.   The allocated equipment will be used in Section 6 in 

planning debris removal capability. 

The equipment coding mentioned earlier deserves a short de~ 
i 
i 
| 

scription here.   It is described in detail in Reference 2.   Each type and size 

of construction equipment was given a code number to simplify inventory 

and control.   For example a Code 284 is any crawler bulldozer from 201 to 

250 HP.   It could be a Caterpillar D7, an International Harvester TD20, an 

Allis Chalmers HD 16 or a Terex 82-30.    The first two numbers represent the 

type of equipment and the third number the relative size. 

It is assumed that the 16 dozers and/or front end loaders and 2 

motorgraders have been assembled at the MSA prior to the nuclear event. 

While the motorgraders cannot traverse any appreciable depth of debris laden 

streets, they will be useful in maintaining previously cleared routes.   In 

light damage areas they are particularly useful for clearing broken glass and 

16 
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small objects that could cause tire damage.   Each piece will have been ser- 

viced and have enough fuel, for an expected minimum of 8  *ours operation. 

At least one operator and helper for each unit will have been assigned and 

will be on call at the MSA. 

£    ft 
t 

17 

■te^^ £ jiwiainaaiirii'i ■»■*■,:; ^ 
 ; au.. a^^^-u.-.^-j—.:,.. ._, , ' .,-■ ■:   ^l^iAati 



5 . 0 DEBRIS PREDICTION - FOR ASSUMED SITUATIONS 

The type of debris generated will depend on building construction 

and use.   The volume and distribution of the debris in the streets will de- 

pend on building volume, building spacing, overpressure and other factors. 

The principal factors are building type and size, and character of the event 

which causes debris.   Only blast effect, and not fire, is considered as the 

debris generator in this exercise. 

5 .1       Debris Prediction Survey 

The prior studies such as Reference 2 provide Debris Prü- 

diction Survey (DPS) methods and forms to be used in a pre-event analysis. 

Six of these DPS forms have been filled out with one for ea^h of the zones in 

this study and are included at the end of this section as Tables 5.6 through 

5.11.   The data for filling out these six forms can be determined from site 

and situation descriptions presented in the earlier parts of this report using 

applicable factors and procedures described in detail in Reference 2.   These 

procedures will be repeated briefly in this section in illustrating their appli- 

cation to the hypothetical situations.   All applicable tables of factors are 

included in Appendix B of this report and suitably referenced in the work 

tables and text following. 

In a real situation most of the information at the top of 

the DPS forms will have been obtained by actual field survey and observation. 

Various types of city maps can be used as well as Sanborn commercial maps 

which show construction methods & building's use, normally for insurance 

purposes.   Block size, street width, building coverage estimates, building 

18 
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type, height and use can be obtained from one or the other of these maps, and 

checked by a drive through survey.   The survey will provide any comments of 

unusual conditions, and an estimate of increased difficulty of debris removal 

caused by trees and poles or light standards. 

5.2    Potential Debris Volume 

The contained volume of buildings is an indicator of the 

debrif which can be generated.   Reference 2 explains that this volume is a 

relative factor based on an averaging of the buildings within the zone.   Pre- 

vious studies have provided an approach to averaging these building volumes. 

This is expressed as an "Equivalent Building Strip" or EBS which is the width 

of a continuous average height building surrounding each block which would 

contribute the same amount of debris as do all of the buildings in that block. 

Table 5.1 has beer, prepared to illustrate how the potential debris volume is 

determined for the DPS sheet. 

The EBS (I) for each zone can be found in Table B.l using block 

si£e (A) and the percentage of building coverage (C) data from the DPS.   The 

contained volume (J) is obtained by multiplying the EBS by the average build- 

ing height (I) x (D).   Building height is assumed for this study, but can be 

determined on a pre-event survey in a real situation. 

The resulting building volume quantities must be converted into 

potential debris volume.   The debris volume (L) can be obtained by multiply- 

ing the building volume by a previously determined factor from Table B. 2. 

This gives the volume of material contained in the buildings which would 

generate debris. 

I 
I- 

19 
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5.3 Off Site Debris 

In a problem of clearing emergency passage routes through 

the streets, such as this, only the off site debris in the street is important, 

and that debris which settles on the area occupied by buildings can be ig- 

nored, temporarily. 

The average depth of debris on the streets can be computed 

by multiplying the off site debris volume by a factor related to street width 

and block size.   It is necessary first to figure the total off site debris vol- 

ume.   This is related to building type and overpressure.   Factors for off site 

debris are shown in Table B.3.   The off site debris is the product of the ap- 

propriate factor from Table B.3 multiplied by potential volume of debris in 

each zone from Table 5.1.   Work Table 5.2 summarizes this potential off site 

volume and the factor for each of the four overpressure situations in the six 

described zones.   It gives the off site debris volume in cubic feet per foot of 

route length.   Factors established for overall average depth are given in Table 

B.4 and resultant depths are summarized in Table 5.2 for the zones described 

here. 

5.4 Emergency Route Debris Volume 

The average depth of off site debris as shown in Table 5.2 

will be useful in the longer range plans for debris removal from the streets. 

It is recognized that in this study (for the critical emergency period of the 

first three hours after an event) only the fastest possible routes to open will 

be cleared for emergency access.   In many cases this will mean a meandering 

21 
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i 
route rather   than one in a straight line. 

In clearing a single lane for emergency situations it is logical and 

more efficient to clear a path of least resist nce# i.e. minimum depth. 

Where possible the operator will avoid high mounds of debris leaving these 

for a more complete cleanup later.   Except in cases of high overpressures 

resulting in uniform debris distribution (Ratio of maximum to average depth 

= 1:1), the average depth in this meandering lane will be less than the 

average for the total street width.   A graphic i'lustration of this situation 

is given for zone no. 1, single family wood frame buildings, in Figure 5.1. 

It can be seen that although structural demolition takes place with as little 

as 4 psi overpressure, higher overpressures result in more leveling of the 

debris, which has the effect of raising the average depth and volume of the 

meandering route and reducing the total distance that can be cleared in a 

given time.   The situation is similar in the other zones considered. 

Previous studies have predicted such things as probable minimum 

and maximum depths of debris in different situations.   These variations have 

been used with probability analysis techniques to provide additional factors 

to adjust the average overall off site debris depth to a lesser average depth 

for a meandering route.   These factors are shown in Table B.5.   They are 

applied to this problem situation in Table 5.3 to achieve an adjust ad average 

route depth. 

The volume of debris per 1000 feet of route can now be computed 

using the formula: 
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EFFECT OF BLAST ON SINGLE FAMILY WOOD FRAME 
BUILDINGS (ZONE 1) 
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MEANDERING DEPTHS 

' ZONE 

BLDG. 
HGT. 
FT. 
D 

STREET 
WIDTH 

FT. 
B D/B 

ROUTE 
DEBRIS 
DEPTH 

OVERPRESSURE 

2 4 6 10 

1 30 80 .375 Average Depth 
Factor 
Route Depth 

0 
0 
0 

15 
0.26 
0.20 
0.05 

0.57 
0.30 
0.17 

0.57 
1.00 
0.57 

2 50 80 .625 Average Depth 
Factor 
Route Depth 

0 
0. 
0 

15 
0.43 
0.20 
0.09 

0.94 
0.30 
0.28 

0.94 
1.00 
0.94 

3 50 80 .625 Average Depth 
Factor 
Route Depth 

0 
0. 
0 

15 
0 
0.20 
0 

0.14 
0.30 
0.04 

1.63 
1.00 
1.63 

4 50 60 0.833 Average Depth 
Factor 
Route Depth 

0 
0. 
0 

20 
0 
0.25 
0 

0.52 
0.40 
0.21 

6.24 
1.00 
6.24 

5 100 60 1.667 Average Depth 
Factor 
Route Depth 

0 
0. 
0 

20 
0.53 
0.40 
0.21 

2.96 
0.60 
1.78 

16.77 
1.00 

16.77 

6 200 60 3.333 Average Depth 
Factor 
Route Depth 

0 
0. 
0 

30 
0.37 
0.60 
0.22 

1.31 
1.00 
1.31 

5.24 
1.00 
5.24 

TABLE 5.3 
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V = 37 (d W + d2) 

Where:   V = Volume of debris in cu. yd./1000 ft. route 

d ~ Average depth feet 

W= Width of route in feet 

The cu. yds. per 1000 feet of route length for the 4 

1 
route widths of each of the 24 situations of the defined problem having any 

I 
appreciable depth, are shown in Table 5.4. 

| 
The defined routes are of two lengths.   There are 12 routes of 

2.5 miles which are rounded off at 13,000 feet each for this study.   There I 
t 

are 4 longer routes of slightly over 3.5 miles which are rounded off at 

I 
20,000 feet each.   These longer ones are situated diagonally in the zone 

and must meander by blocks as well as seeking ease of way through the 

more shallow debris.   Table 5.5 shows the volume of debris in 1000 cu. yds. 

'% 
per route for the long and short routes in each zone and for each overpres- 

I 
sure which will produce significant debris, for each of several route widths. 

I 
I These tables are not required to complete the DPS sheets but incorporate 

% 
the information thus found.    They v.' . . ,ed in Section 6 for determining 

I 
the amount of debris removal poss.ole in such hypothetical situation. 

To complete the DPS forms, the ratio of maximum depth to 

average depth for column (6) of the DPS can be found on Table B.6.   The 

product of this ratio and average depth from column (5) gives the maximum 

depth for column (7). 

Column (2) of the DPS is for a letter rating of "L" (Light),  "M" 

(Medium) or "S" (Severe) to define the overall damage.   Generally, anything 
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DEB-3. 3 PER 1. OOP FEET OF ROUTE 

CU.YD. 

ZONE 
OVER- 

PRESSURE 
p.s .i. 

VOLUME CU .YDS. /l, 000 FT 
ROUTE WIDTH - FT. 

. ROUTE 

10 12 14 16 

1 4 18 22 26 30 

6 64 77 89 103 

10 223 265 307 350 

2 4 34 40 47 54 

6 107 127 148 169 

10 380 450 519 589 

3 6 15 18 21 24 

10 702 822 943 1063 

4 6 79 95 110 125 

10 3750 4200 4650 5150 

5 4 79 95 11C 125 

6 775 905 1040 1170 

10 16,610 17,851 19,092 20,333 

6 4 83 99 115 131 

6 548 645 740 839 

10 2955 3343 3730 4119 

Note:   2 psi not shown for any zone and 4 psi not shown for 
zones 3 or 4 as no significant debris is in streets. 

TABLE 5.4 
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i 
I 

■- 

i 

for overpressures of 4 or less wiJl be light, 4 to 6 will be moderate, and 

over 6 will be severe. 

Table B.7 gives maximum size of debris for column (8). 

The building content code for column (9) can be judged using the 

following guideline for the structural character of the debris: 

No Steel or Wood -   Code 1 

Light Steel or Wood -   Code 2 

Medium to Heavy Wood - No Steel -   Code 3 

Medium Steel -   Code 4 

Heavy Steel -   Code 5 

Similar numbers might be put in column (10) depending on the 

judgment of the drive through debris surveyors as to the difficulty that may 

result from those trees and poles in the area.   It will be a flag only in eval- 

uating debris type and expected equipment performance. 

The debris type in column (11) is a judgment entry of the type of 

debris anticipated, using factors in Table B.8 as a guide.   If th2 DPS is 

made when traffic is known, the value entered in column (11) can be adjusted 

as shown on B.9 for actual traffic conditions of: 

1. Light; 

2. Medium; or 

3. Heavy. 
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6.0 DEBRIS CLEARING TIMES 

The time required to clear paths through debris depends on the vol- 

ume and type of debris and the capacity of the equipment.   The amount of 

debris for the hypothetical routes have been established in Section 5.   The 

appropriate equipment types and capacities have been reviewed in Section 4. 

In this section assumptions are made pertaining to limitations in 

productivity with respect to debris removal, using guidelines established in 

Reference 2.   Equipment production rates are analyzed in six assumed zones 

for each of four different overpressures.   Results of these analyses are shown 

I on Task Evaluation Sheets.   A summary is made of the total route clearing 
I 

that can be expected within three hours in all of the assumed 24 debris situ- 

ations. 

6.1   Debris Inclusion 

Certain features of the debris, which will affect its removal, or 

ease of clearance from routes, are expressed in the debris type code given 

in column (11), the right hand column of the DPS sheets.   A familiarity with 

debris types will make it possible to relate this code to approximate maximum 

size and depth of debris.   Production rates have been set up for debris re- 

moval and related to debris type classification. 

All of the debris conditions can be predetermined by data compiled 

for the DPS sheet except the variable ior traffic.   This condition is not known 

until the event occurs.   Adjustment to the building debris types due to traffic 

conditions, can be found in Reference Table B.9.      Light traffic situations 

have been assumed for the six zones in this study, and adjustments to 
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debris types made accordingly. 

6.2   Equipment Productivity 

The equipment which has been allocated to each of the 

zones is shown on Tables 3.1 and 4.1.   The standard production, or optimum 

I 
{performance for these pieces of equipment are shown in Table B.10.   This pro- 

duction rate reflects the work that can be expected from a unit performing a 

task such as moving a uniform gravel from a stockpile with no space restnc- 
I I 

tions.   This standard production must be adjusted for decrease in capacity 

due to such things as large non-uniform fragment size.   This adjustment 
I. I, 

varies with debris type and is shown in Table B. 11. 
I 

Downward adjustments in machinery productivity results 

also from crowded working conditions.   For example, the efficiency of each 
I 

of two tractors, working in close proximity, will be less than that of either 
I 
| 

working alone without interference.   The multiple unit problem does not 
I 

apply to the current analysis but a similar problem does exist in the limited 

working space of the narrow clearing routes.   The effect of multi-unit opera- 
¥ 

tion on production is shown for reference only in Table B.12, and is taken 

I from Reference 2. 

The above tables have been used as guidelines to prepare 

a table of production rates for the equipment allocated to the hypothetical 

zones.   The adjusted production rates for each condition are shown on Table 

6.1 which also indicates some of the factors used to achieve them. 

6.3    Debris Clearing Times - Results 

All of the debris removal data for the individual hypothetical 
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EQUIPMENT ASSIGNED ZONE 
PRODUCTION CAPACITY PER UNIT 

ADJUSTED FOR SPACE AND ZONE DEBRIS TYPE 

EQUIPMENT PROD. 
ADT. 
FOR 
SPACE 

1 
PRODUCTION BY ZONE    j 

Code Qty. 
Stand- 
ard 
Prod. 

3-2(T) 
.72(F) 

2-3(T) 
• 74(F) 

3-3(T) 
.72(F) 

4-3(T) 
.53(F) 

141 2 160 145 105 105 105 75 

160 1 100 90 65 65 65 50 

161 1 130 115 85 85 85 60 

162 3 140 125 90 90 90 65 

163 2 185 165 120 120 120 90 

165 1 250 225 160 160 160 120 

167 1 330 300 215 215 215 160 

280 2 140 125 90 90 90 65 

284 2 330 300 215 215 215 160 

286 2 400 360 260 260 260 190 

288 1 520 470 340 340 340 250 

(T) -  Building Debris Type 

(F) -Equipment Productivity factor for debris type modified by 
traffic inclusion factor from Table B.ll. 

TABLE 6. 1 
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situations have been summarized on forms made for this analysis and called 

Task Evaluation Sheets.   These twenty-four sheets are presented as Tables 

6.4 through 6.27 inclusive and are found at the end of this section.   An 

analysis was made on each sheet showing how many of the 16 hypothetical 

routes previously described could be cleared in three hours. 

Each situation assumes use of the same typical distribution of 

equipment previously described so that results can be correlated and com- 

pared.   This correlation will help in the concluding section of this report 

to generalize and simplify some of these procedures for more direct appli- 

cation in an emergency situation.   It should be noted that Table 4.1 shews 

a total of 18 pieces of equipment assigned to the zone; 2 motorgraders, 7 

crawler dozers, 4 crawler front end loaders and 5 wheeled front end loaders. 

Motorgraders are not suited for meandering path clearing through the odd 

size and shape fragments of building debris, so it is assumed that these 

units are used to keep open routes previously cleared by the other equip- 

ment.   Although the wheeled front end loaders can maneuver over debris to 

some extent, the situations requiring multiple units in a "leap-frog" opera- 

tion will be the most difficult.   It will be assumed for this study that only 

one wheeled unit (starting at the MSA) will be used on any one route in a 

multiple unit operation. 

A summary of the route clearing capacilities for all situations 

is given in Table 6.2.   These results  show the following: 

1.      At 2 psi there will be no debris clearing problem for any 

of the zones. 
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SUMMARY OF DEBRIS CLEARING CAPABILITY 

i    I 

:     i 

ZONE 
OVER- 

PRESSURE 
ROUTE 
DEPTH 

TOTAL CLEARED IN 3 HRS. 

No. Routes Feet Miles 

1 
Wood 
Frame 
30'High 

2 
4 
6 

10 

0.05 
0.17 
0.57 

16+ 
16+ 

6 
1 

236,000+ 
236,000+ 

92,100 
27,700 

44.7+ 
44.7+ 
17.4 
5.2 

2 
Wood 
Frame 
50" Hiah 

2 
4 
6 

10 

0.09 
0.28 
0.94 

16+ 
11 

4 
1 

236,000+ 
174,900 
55,600 
15,900 

44.7+ 
33.1 
10.5 
3.0 

3 
Masonry 
50' High 

2 
4 
6 

10 
0.04 
1.63 

16+ 
16+ 
16+ 

0 

236,000+ 
236,000+ 
236,000+ 

8,700 

44.7+ 
44.7+ 
44.7+ 

1.6 

4 
Masonry 
50' High 

2 
4 
6 

10 
0.21 
6.24 

16+ 
16+ 

5 
0 

236,000+ 
236,000+ 
75,000 

1,690 

44.7+ 
44.7+ 
14.2 
0.3 

5 
Reinf. 
Ccnc. 
100' High 

2 
4 
6 

10 

0.21 
1.78 

16.77 

16+ 
5 
0 
0 

236,000+ 
75,000 
7,900 

320 

44.7+ 
14.2 

1.5 
0.1 

6 
Steel 
Frame 

1   200'  High 

2 
4 
6 

10 

0.22 
1.31 
5.24 

16+ 
5 
0 
0 

236,000+ 
71,600 
8,200 
1,590 

44.7+ 
13.6 
1.6 
0.3 

Note:   Maximum number of tasks set for this study is 16 routes.   Where 
equipment capabilities exceed this it is indicated as 16+.   See 
individual Task Evaluation Sheets for additional details. 

TABLE 6.2 
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2. At 4 psi most or all of the expected emergency routes 

can be cleared in 3 hours in the single family and 

townhouse areas.   In the high rise areas more than 

70,000 feet of route can be cleared or about 5 com- 

plete routes in each. 

3. At 6 psi a few routes can be cleared in single family 

areas but none would be completed in the high rise 

areas. 

4. At 10 psi the situation is very bad with about one route 

cleared in single family areas but only a thousand feet 

or less in the high rise areas. 

The three hour route clearance task sheets show a wide range 

of results for the situations considered.   In order to complete this picture 

a supplementary table has been prepared for the eight situations where one 

or less routes can be completed in three hours.   Table 6.3 shows the length 

of time necessary to complete four separate route tasks for each of the 

eight cases, using all available appropriate equipment.   The tasks shown 

include single routes, indicating the shortest (Route 1) and longest (Route 

13) distances required to reach the outskirts of the zone.   Task times are 

also given for double routes indicating the shortest (Routes 1 & 3) and 

longest (Routes 13 & 15) distances across the zone which would be required 

for interzone travel and rescue work. 

The 24 situations chosen for this study can be divided into 

three categories based on Tables   6.2   and   6.3 .A majority of 16 zone and 

41 

^mmmtmmiM 



I: 

! 
I 

;        5 

1        I 

'■    I 

en 
cc 
P 

a n 
(J 
IM 

£ 
w 

CO W 

l/J 
< 

W £ 
H < 
P ffi 
o H 
PC W 

2 os 
O 

P 2 
<i 
t—« (') 
£ ^ 

2 a: 
r—1 

(X P 
O o 
U-, w 

ce 
{) 
w CO 

2 
r-H 

p 
O 
t—i 

O 
w < 
tx P 

H w »-H 

2 CO 

w 

0 
N 

m 
•—t 

W vö 
H co ID o t~- LO CD in ao CD 

P «—1 r-H f-H 00 f—t T r-H 00 

O (0 
T 

CO 
< o 

DC 

a G2 ro 
w 
a. H t<3 T co f—1 ID CO CD CM 00 

£ f—i i—< L.O r-H 00 r^* Mi 

D »—I CM - w a +J 

CO 

a 

DC >, 
P 

•—i 

c o 
8 

O CO LO CD CD O o o CD 

w CO •3* r-H LO l—i •«T 

IM H r-H CM 

O P 
o PS 

d OS 

2 a 
a —H 

c * 
2 O 

CO CO ID O 
CO 

l"-. CO 
CD 

C-- CM 
CO 

CO «—1 

cc 

r-H 

W 

U- U) o o O o o O o o ^s o o 00 I--. o CD o LD 

<p c T CO ^r rr CM CO T 
HO p - - - - - 
co re 

CO 
t*-. T (M CM Csl 

Pa 
Qa! 

—i 

£k to 

l-l w C 
o o O o o O o O 

oa K o o CO <r CO 00 o r-H 

oä 
P CO r-H CM rr o r-H T % s ^ % „ 
CO CD ^r (M CM CM 

ou H 

^ oc H 
t^. *r CO ^r CO r- i—1 vr 
LO CD CD CM t-^ !-. ro CM 

P CQ cu 
O w w o o r—1 co r-H CD r-H LO 

KÖP r-H 

w 
DC 

1   P 
K CO o a o o CD O CD o 
w CO r-H i-H r-H i—i -H r-H 

> W c S 
a. 

w 
J5 
O 
N 

-1 
CNI CO rr 1/0 to 

<u 
c 
o 
N 
1_ 
CD 
+-• 
C 

t—4 

T) 
C 
(0 
+->     . 
-rH    -— 

c V. 5 a> 
-1 +-• 

a» c 

<u !2 
QJ   <0 

•S +J 

5 »a 
CD 

r-H     Ü 

—  X 
"2 o; c 
(0 to 

+-> 
CO  "2 
4-.    C r>» 
"-   3 C 
D T3 CD 

u.   1> ai 
5 o «-H 

n > o 
> si 
S 5 

(0 
H 

u tu 
CM QJ 

r-H CO 
r-H   TJ 

C 
O) (0 
C     rr. 

to 

-rH 
--H     CO c 

7J »a 
3   G 

-o =» 
CD 

Q   i-. rC 
u in- +-" 
to Ä 

rS       5 ^ 
Ü «u •o 
0)  u a» 

fO CO 
U   r-H -l-l 

to 

4-"    C e 
a -^ o 
O  to t) 
u,   3 u 
a; to (0 

T»S r* 

C   3 CO 

-H      O (U 
CO   u H 

* 
0) 
4-» 
o 
2 

CO 

CD 

W 

42 

«Ml ■MMH MUU Uaiaimit 



overpressure situations permit clearing of four to sixteen single lane emer- 

gency routes within three hours considering the conditions and use of equip- 

ment previously defined.   This would permit access to the most critical 

points within the zone or routes across the zone for interzone travel.   The 

second category includes 5 situations where any one of the four minimum 

tasks defined for Table   6.3 could be performed in less than 24 hours. The 

three remaining situations in the third category are 10 psi overpressure for 
I 
if-" 

zones 4, S, and 6 and require from 30 to 250 hours clearing a single route, 
%' 
V !' 

or 56 to 445 hours for one interzone route. 

It is obvious that use of any surviving personnel and equip- 

| 
f ment in the third category situation would be wasted on trying to clear paths 
% 

during the three hour period.   Any planned interzone routes would have to 

ft 
bypass these zones and rescue and fire fighting within the zone would have 

to be done by helicopter or by climbing over the debris with the crawler con- 

struction equipment. 

In the second category it is probable that, as in category 

three, the equipment would be more useful in direct rescue work than in 

clearing Daths.   Once this initial phase is passed decisions would have to 

be made on interzone priority clearing operations.   At this later stage it 

might be decided to bypass some zones and redeploy equipment to con- 

centrate on the most critical interzone routes. 

9. 
r 
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TASK EVALUATION SHEET - DEBRIS 

Zone No. 1 Ov. Pr. PSI % Cov. Bldgs 20 

General Description: Sngl. family 1-story frame residences on norm, city lots, 

Building:   Type ] Height        30    Use RES  

Debris Type 

Street Width 

NONE 
80 

Rt. Width 10 12 14    |       16 

Deb/1000 ft. . 0 0 0    !      0 

o 52 

2 
3 
o 

CO 

O 
o 
o 
—t 

u 
0) 

Q a. 

0) • c 
a D> 
3   CO 
C in 

NEGLIGIBLE 

o C 

> ° 

Equip. Cap. - Cu. Yds. 

co a. 

DEBRL 

< 

a) 
o 
(0 
a 

CO 

IN    STREETS 

< Q 

en 

2 co 

Lin.Ft./3Hrs 
(1000ft.) 

a. £> 

3 -. 
e 
3 
Ü 

TABLE 6.4 
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.       I 
TASK EVALUATION SHEET - DEBRIS 

Zone No 1 Ov. Pr. PSI % Cov. Bldgs 20 

General Description: Snql. family 1-story frame residences on norm, city lots 

Building:   Type 1 Height 30 Use RES  

Debris Type 

Street Width 

3-2 

80 

Rt. Width 10 12 14 16 

Deb/1000 ft. . 18 22 26 30 

R
o
u
te

 
N

o
. 

D
eb

. 
C

u
. 

Y
d.

 
P

er
 1

00
0 

F
t.

 

• c 
Q.   Ti 

3   ü) 
cr - 

CJ < W
id

th
 
o
f 

R
o

u
te
 F

t.
 

Equip. Cap. - Cu. Yds. Lin.Ft./3Hrs. 
(1000 ft.) 

s-, 

c 

to a, 

0 
. o 

-^   (0 
TJ   Q. 
<  CO 

•2 
< Q a, p 

3 —i   w 

3  ^   C 
Ü         t> 

1 18 163 10 185 165 120 360 20.0 20.0 

2 18 161 10 130 115 85 255 14.2 14.2 

3 22 165 12 250 225 160 480 21.8 21.8 

4 18 163 10 185 165 120 360 2D.0 20.0 

5 22 280 12 140 125 90 270 12.3 12.3 

6 18 162 10 140 125 90 270 15.0 15.0 

7 18 162 10 140 125 90 270 15.0 15.0 

8 26 284 14 330 3 00 215 645 24.8 24.8 

9 18 160 10 100 90 65 195 10.8 10.8 

10 22 280 12 140 125 90 270 12.3 12.3 

11 26 284 14 330 3 00 215 645 24.8 24.8 

12 18 162 10 140 125 90 270 15.0 15.0 

13 22 167 12 330 300 215 645 29.3 29.3 

14 30 288 16 520 470 340 1020 34.0 34.0 

15 30 286 16 400 360 260 780 26.0 26.0 

16 30 286 16 400 360 260 780 26.0 26.0 

NOTE: 1:   Unde 
8; am 

'-capac 
1 10 fror 

ties at: 
\ 11.   / 

Route 
11 route 

1 

S to be I 
s can b( 

Jupplem 
3 compl 

9nted fi 
>ted. 

Total 

om 1; 9 

321.3 

from 

TABLE 6.5 
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TASK EVALUATION SHEET - DEBRIS 

Zone No. 1 Ov. Pr. PST % Cov. Bldgs. 20 

General Description: Sngl. family 1-story frame residences on city lots 

Building:   Type 1 Height 30 Use RES  

Debris Type 3-2 

Street Width 80 
Rt. Width 10 12 14 16 

Deb/1000 ft. 64 77 89 103 

R
o
u
te

 
N

o
. 

D
eb

. 
C

u
. 

Y
d.

 
P

er
 1

00
0 

F
t.

 

E
q

u
ip

. 
A

ss
ig

n
ed

 

W
id

th
 
o

f 
R

o
u
te
 
F

t.
 

Equip. Cap. - Cu. Yds. Lin.Ft./3Hrs. 
(1000 ft. 

C 
10   "-• 
4J  CD 
CO Ö. 

. o 

"D O. 
< CO 

to 

'  X) 

< 0 

1-1 

2 n 

■4-» 
3 —i w 

D ^ C 
ü  D 

1 103 
64 

288 
163 

16 
10 

520 
185 

470 
165 

340 
120 

1020 
360 

9.9 
5.6 

9.9 
15.5 

2 103 
64 

286 
163 

16 
10 

400 
185 

360 
165 

260 
120 

780 
360 

7.6 
5.6 

7.6 
13.2 

3 89 
77 

284 
167 

14 
12 

330 
330 

3 00 
300 

215 
215 

645 
645 

7.3 
8.4 

7.3 
15.7 

4 77 
77 
64 
64 

280 
280 
162 
162 

12 
12 
10 
10 

140 
140 
140 
140 

125 
125 
125 
125 

90 
90 
90 
90 

270 
270 
270 
270 

3.5 
3.5 
4.2 
4.2 

3.5 
7.0 

11.2 
15.4 

5 89 
103 

284 
286 

14 
16 

330 
400 

3 00 
360 

215 
260 

645 
780 

7.3 
7.6 

7.3 
14.9 

6 64 
6^ 
77 

160 
162 
165 

10 
10 
12 

100 
140 
250 

90 
125 
225 

65 
90 

160 

195 
270 
480 

3.0 
4.2 
6.2 

3.0 
7.2 
13.4 

13 64 161 10 130 115 85 255 4.0 4.0* 

*INC( DMPLET1 ; ROUTE Total 92.1 

TABLE 6.6 
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TASK EVALUATION SHEET - DEBRIS 

Zone No. 1 Ov. Pr. PSI 10 % Cov. Bldgs. 20 

General Description:   Sngl.  family 1-story frame residences on city lots, 

Building:   Type 1 Height 30 Use RES  

Debris Type _ 

Street Width 
3 -2 

80 

Rt. Width 10 12 14 16 

Deb/1000 ft. . 223 265 307 350 

• Equip. Cap. - Cu. Yds. Lin. Ft ./3Hrs. 

. u. 

o
u

te
 

N
o
. 

>e
b.
 

C
u 

er
 1

00
0 

q
u
ip

, 
ss

ig
n
ed

 

W
id

th
 o

f 
R

ou
te
 F

t.
 

ta
n

d
 

er
 H

r.
 

d
j.

 
p

ac
e ID 

* S3 
V   0) 

CO 

0) *E 0) Jr u
m

u
i.

 
A

ll
 

n
it

s 

u a, Ul < co o- <  CO < Q 2 n a, !D ü      P 

1 350 288 16 520 470 340 1020 2.9 2.9 
350 286 16 400 360 260 780 2.2 5.1 
350 286 16 400 360 260 780 2.2 7.3 
307 284 14 330 300 215 645 2.1 9.4 
307 284 14 330 300 215 645 2.1 11.5 
265 165 12 250 225 160 480 1.8 13.3 

2 265 280 12 140 125 90 270 1.0 1.0 
265 280 12 140 125 90 270 1.0 2.0 
265 167 12 330 300 215 645 2.4 4.4 
223 162 10 140 125 90 270 1.2 5.6 
223 162 10 140 125 90 270 1.2 6.8 
223 162 10 140 125 90 270 1.2 8.0 
223 160 10 100 90 65 195 0.9 8.9* 

3 223 161 10 130 115 85 255 1.1 1.1* 

4 265 163 10 250 225 160 480 2.2 2.2* 

13 223 163 10 2 50 225 160 480 2.2 2.2* 

* INI 30MPLE IT ROU' 'E Total 27.7 

NOT! :   Route 2 not c omplet< sd beca jse rem äining e quipme it is ruh ber 
tired and not appropi iate fo • "leap frog" ty pe rout e cleari ig. 

TABLE   6. 7 
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TASK EVALUATION SHEET - DEBRIS 

Zone No, Ov. Pr. PSI % Cov. Bldgs, 20 

* s 
■- 

General Description: 2-Story frame sngl. family residence on city lots. 

Building:   Type  

Debris Type    NONE 

Street Width 

Height. 50     uSe RES 

80 
Rt. Width 10 12 14 16 

Deb/1000 ft. . 0 0 0 0 

0)     . 

o 2 

s 
Ü 

A 
Q 

o 
o 
o 

a, 

•   C 
Q.   oi 

D*  W 
W  < 

NEGLIGIBLE 

Equip. Cap. - Cu. Yds. 

•o ac c 
*■> (V 
co a, 

DEBRI! 

tu 
. o 

-^,  (0 

< CO 

IN STREETil 

•o 
< 

w 
u 

XI 
<D 
Q 2 co 

Lin.Ft./3Hrs 
(1000 ft.) 

a. !3 

3 —<  w 

3 ^   C 
O      t) 

TABLE    6.8 
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TASK EVALUATION SHEET - DEBRIS 

Zone No. Ov. Pr. PSI % Cov. Bldgs. 20 

General Description: 2-Story frame sngl. family residence on city lots 

Building:   Type 1 Height 50 Use RES 

Debris Type _ 

Street Width 

3-2 

80 

Rt. Width 10         1     12 14 16 

Deb/1000 ft. . 34         |     40 47 54 

R
o

u
te

 
N

o
. 

D
eb

. 
C

u
. 

Y
d.

 
P

er
 1

00
0 

F
t.

 

E
q
u
ip

. 
A

ss
ig

n
ed

 

W
id

th
 o

f 
R

o
u

te
 
F

t.
 

Equip. Cap. - Cu. Yds. Lin.Ft./3Hrs. 
(looo ft.)    ! 

TJ re 
c 

+->   Q) 

CO 
. o 

.-,   (0 

<  CO 

en 
-1-4 

•JS 
< Q 

in 

a) K 
2 co 0-  itD 

3 —i   W 

3  ^   C 
Ü      E> 

1 34 
34 

160 
163 

10 
10 

100 
185 

90 
165 

65 
120 

195 
360 

5.7 
10.6 

5.7 
16.3 

2 34 
34 

161 
162 

10 
10 

130 
140 

115 
125 

85 
90 

255 
270 

7.5 
7.9 

7.5 
15.4 

3 34 
40 

163 
280 

10 
12 

185 
140 

165 
125 

120 
90 

360 
270 

10.6 
6.8 

10.6 
17.4 

4 40 
40 

165 
280 

12 
12 

250 
140 

225 
125 

160 
90 

480 
270 

12.0 
6.8 

12.0 
18.8 

5 34 
34 

162 
162 

10 
10 

140 
140 

125 
125 

90 
90 

270 
270 

7.9 
7.9 

7.9 
15.8 

6 40 167 12 330 300 215 645 16.1 16.1 

7 47 284 14 330 300 215 645 13.7 13.7 

8 47 284 14 330 300 215 645 13.7 13.7 

9 54 286 16 400 360 260 780 14.4 14.4 

10 54 286 16 400 360 260 780 1.4.4 14.4 

11 54 288 16 520 470 340 1020 18.9 18  9 

Total 174.9 

L_ 
TABLE 6.9 
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TASK EVALUATION SHEET - DEBRIS 

Zone No. Ov. Pr. PSI % Cov. Bldgs. 20 

50 Use RES 

General Description: 2-Story sngl. family residences on city lots 

Building:   Type        1 Height 

Debris Type _ 

Street Width 

3-2 Rt. Width 

80 !Deb/1000 ft. 

10 

107 

12 

127 

14 

148 

16 

169 

!     I 

R
o

u
te
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o
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D
eb
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u
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Y
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er
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t.

 

E
q

u
ip
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A
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n
ed

 

W
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th
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f 
R

o
u

te
 
F

t.
 

Equip. Cap. - Cu. Yds. Lin. Ft 
(100 

./3Hrs. 
3 ft.) 

x) x 
c <° % 
CO 0- 

0) 
. 0 

■-, CO 
x>  c 
< ce 

•JS 
< p 2 ^ a, !D 

3 -. W 
e —i  +1 

3 ^ C 
ü   D 

1 169 
169 
127 

288 
286 
165 

16 
16 
12 

520 
400 
250 

470 
360 
225 

340 
260 
160 

1020 
780 
480 

6.0 
4.6 
3.8 

6.0 
10.6 
14.4 

2 169 
148 
127 

286 
284 
167 

16 
14 
12 

400 
330 
330 

360 
300 
300 

260 
215 
215 

780 
645 
645 

4.6 
4.4 
5.1 

4.6 
9.0 

14.? 

3 148 
107 
127 
127 
107 

284 
163 
280 
280 
160 

14 
10 
12 
12 
10 

330 
185 
140 
140 
100 

300 
165 
125 
125 
90 

215 
120 
90 
90 
65 

645 
360 
270 
270 
195 

4.4 
3.4 
2.1 
2.1 
1.8 

4.4 
7.8 
9.9 
12.0 
13.8 

4 107 
107 
107 
107 
107 

162 
162 
162 
163 
161 

10 
10 
10 
10 
10 

140 
140 
140 
185 
130 

125 
125 
125 
165 
115 

90 
90 
90 

120 
85 

270 
270 
270 
360 
255 

2.5 
2.5 
2.5 
3.4 
2.4 

2.5 
5.0 
7.5 

10.9 
13.3 

Total 55.6 

TABLE   6.10 
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TASK EVALUATION SHEET - DEBRIS 

Zone No. Ov. Pr. PSI 10 % Cov. Bldgs. 20 

General Description: 2-Story sngl. family residences on city lots 

Building:   Type 1 Height 50_ Use RES 

Debris Type 

Street Width 

3-2 

80 

Rt. Width 10      12    14 16 

Deb/1000 ft. . 380    450   519 589 

I 

| 

R
o
u
te

 
N

o
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D
eb

. 
C

u
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d
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er
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t.
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o
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Equip. Cap. - Cu. Yds. Lin.Ft./3Hrs. 
(1000 ft.)  ! 

TJ JE 
C 

CO CL, 

CU 
. o 

•r-,  (0 
T3 Q. 
< CO 

-^H 

•is 
< Q CO <r 

OH JD 

3 —i   to 
C —' +■* c <• --H 

Ü   D 

1 589 
589 
589 
450 
450 
450 
450 
450 
380 
380 
380 
380 
380 

288 
286 
286 
284 
284 
280 
280 
167 
162 
162 
162 
160 
161 

16 
16 
16 
14 
14 
12 
12 
12 
10 
10 
10 
10 
10 

520 
400 
400 
330 
330 
140 
140 
330 
140 
140 
140 
100 
130 

470 
360 
360 
300 
300 
125 
125 
300 
125 
125 
125 
90 

115 

34C 
260 
260 
213 
215 
90 
90 

215 
90 
90 
90 
65 
85 

1020 
780 
780 
645 
645 
270 
270 
645 
270 
270 
270 
195 
255 

1.7 
1.3 
1.3 
1.4 
1.4 
0.6 
0.6 
1.4 
0.7 
0.7 
0.7 
0.5 
0.7 

1.7 
3.0 
4.3 
5.7 
7.1 
7.7 
8.3 
9.7 
10.4 
11.1 
11.8 
12.3 
13.0 

2 450 165 12 250 225 160 480 1.1 1.1* 

3 380 163 10 185 165 12C 360 0.9 0.9* 

4 380 163 10 185 165 120 360 0.9 0.9* 

*INC( )MPLET1 : ROUTE Total 15.9 

TABLE 6.11 
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TASK r   \LUATION SHEET - DEBRIS 

Zone No. Ov. Pr. PSI % Cov. Bldgs 20 

Geneidl Description: 2-Story sngl. family masonry const, on city lots. 

Building:   Type 2        Height 50       Use RES 

Debris Type    NONE 

Street Width 80 

Rt. Width 10 12       1    14 16 

Deb/1000 ft. . 0 0             0              0 

CD     . 

O 2 
a: 

z 
3 
Ü 

X! 
CD 

Q 

o 
o 
o 

CD 
cu 

CD 
•   C 

a o> 
3 
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■S   <D 

32 3 > ° 
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•a x 
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<c >-> 
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co a, 

CD 
. o 

<   CO 

" £1 

< Q 
0 

to 
I-, 

EC 
00 

Lin.Ft./3Hrs 
(1000 ft.) 

CD £ 
a. 1=) 

3 —■   en 

3 ^  c 
Ü      t> 

NEGLI GIBLE DEBRIS;   IN STREETS 

TABLE 6.12 
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TASK EVALUATION SHEET - DEBRIS 

Zone No. Ov. Pr. PSI % Cov. Bldgs 20 

General Description: 2-Story sngl. family masonry construction on city lots 

Building:   Type 2 Height        50 Use RES  

Debris Type    NONE  

Street Width     80  

Rt. Width 10 12 14    |       16 

Deb/1000 ft. . 0 0 0     !       0 

o Z 
a: 

3 

Ü 

X! 
0 
Q 

o 
o 
o 

CU 

■o 
o • c 

a o> 
■r-t      -t-t 

D   0) 

u < 

o C 
■5 £ 

> ° 

Equip. Cap. - Cu. Yds 

c 

co o-, 

0) 
. o 

—.   (0 

<  CO 

in 
• Xi 

<  P 2 

en 

Lin.Ft./3Hrs 
(1000 ft.) 

a. ID 

3 —.  w 

Ü        13 

NEGLIGIBLE DEBRH  IN STREE1S 

TABLE 6.13 
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TASK EVALUATION SHEET - DEBRIS 

Zone No. Ov. Pr. PSI % Cov. Bldgs. „ 20 

General Description:   2-Story sngl. family masonry houses on city lots 

Building:   Type 2 Height 50      Use RES 

Debris Type      3-2 

Street Width      80 

Rt. Width    110 12 14 16  i 

Deb/1000 ft. . 15 18 21 24 

R
o

u
te

 
N

o
. 

D
e
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C

u
. 

Y
d
. 

P
er
 1

00
0 

F
t.

 

E
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n
ed

 

W
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Equip. Cap. - Cu. Yds. Lin.Ft./3Hrs. 
(1000 ft.) 

TJ JE 
C 
4-1  Q) 
w cu 

o 
. o 

<  CO 

w 

• J3 
< Q 

u 
0) ►J-i 

2 co Cu J3 

3 —I V) 

3 ** C 
ü  D 

1 15 160 10 100 90 65 195 13.0 13.0 

2 15 161 10 130 115 85 255 17.0 17.0 

3 15 162 10 140 125 90 270 18.0 18.0 

4 15 162 10 140 125 90 270 18.0 18.0 

5 15 162 10 140 125 90 270 18.0 18.0 

6 15 163 10 185 165 120 360 24.0 24.0 

7 / 15 163 10 185 165 120 360 24.0 24.0 

8 18 165 12 250 225 160 480 26.7 26.7 

9 18 167 12 330 300 215 645 35.8 35.8 

10 18 280 12 140 125 90 270 15.0 15.0 

11 18 280 12 140 125 90 270 15.0 15.0 

12 21 284 14 330 300 215 645 30.7 30.7 

13 21 284 14 330 300 215 645 30.7 30.7 

14 24 286 16 400 360 260 780 32.5 32,5 

15 24 286 16 400 360 260 780 32.5 32.5 

16 24 288 16 520 470 340 1020 42.5 42.5 

Total 393.4 

TABLE 6.14 
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TASK EVALUATION SHEET - DEBRIS 

Zone No, Ov. Pr. PSI 10 % Cov. Bldg: 20 

General Description: 2-Story sngl. family masonry residences on city lots, 

Building:   Type 2 Height 50       Use        RES  

Debris Type 

Street Width 

3-2 

80 

Rt. Width 10 12 14 16 

Deb/1000 ft. . 702 822 943 1063 

i   I 

i   V 

R
o

u
te

 
N

o
. 

D
eb

. 
C

u
. 

Y
d,

 
P

er
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F
t.

 

E
q
u
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A
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n
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V
/i

d
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f 
R

o
u

te
 
F
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Equip. Cap. - Cu. Yds. Lin.Ft./3Hrs. 
(1000 ft.) 

C 
ro   m *->   CU 
co a, 

CD 
. o 

•^   (0 
"D   O. 
<   CO 

en 

•J5 

< Q 

en 

0) * 
2 m 

!_    —1 

a, t3 

3 —   «i 
r-   —.    +J 
E   <    -H 
■3 ^   C 
Ü       'P 

1 1063 
1063 
1063 

943 
943 
822 
822 
702 
702 
702 
702 
822 

NO M( 

288 
286 
286 
284 
284 
280 
280 
162 
162 
162 
160 
167 

)RE CRA 

16 
16 
16 
14 
14 
12 
12 
10 
10 
10 
10 
12 

VLERS 

520 
400 
400 
330 
330 
14 0 
140 
140 
140 
140 
100 
330 

>2% OF 

470 
360 
360 
300 
300 
125 
125 
125 
125 
125 

90 
300 

13000 F 

340 
260 
260 
215 
215 

90 
90 
90 
90 
90 
65 

215 
r. OR 6 

1020 
780 
780 
645 
645 
27C 
270 
270 
270 
270 
195 
645 

700 FT, 

1.0 
0.7 
0.7 
0.7 
0.7 
0.3 
0.3 
0.4 
0.4 
0.4 
0.3 
0.8 
COMF1 

1.0 
1.7 
2.4 
3.1 
3.8 
4.1 
4.4 
4.8 
5.2 
5.6 
5.9 
6.7* 

ETE 

2 822 165 12 250 225 160 480 0.6 0.6* 

3 702 163 10 185 165 120 360 0.5 0.5* 

4 702 163 10 185 165 120 360 0.5 0.5* 

13 702 161 10 130 115 8 5 255 0.4 0.4* 

*AL1 INCOM PLETE [i EE TEX' ') Total 8.7 

TABLE 6.15 
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TASK EVALUATION SHEET - DEBRIS 

Zone No. Ov. Pr. PSI % Cov. Bldgs, 50 

Height, 50 Use RES 

r 

General Description: 2-Story masonry town house construction on street line 

Building:   Type  

Debris Type     NONE 

Street Width 60 

Rt. Width 10 12 14 16 

Deb/1000 ft. . 0 0 0 0 

o Z 
OS 

Ü 

XI 

Q 

o 
o 
o 

a. 

XI 

• c 
■•-* -—i 

D W 
O' w 
w < 

■B & 
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(0 

■4-J 

CO (X, 

NEGL: GIBLE DEBRIS 

0) 
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•—,   (0 

<   CO 

IN 

< Q 

u 

Lin.Ft./3Hrs 
(1000 ft.) 

0U  D 

STREET!! 

3 —   W 

O        £ 

TABLE 6.16 

56 

i nimm ÜIÜiiMttBüttldiüi« I Mataa    ■ «««**;  : ;-- ''■•■■■■-i^iMStc M 



TASK EVALUATION SHEET - DEBRIS 

Zone No. Ov. Pr. PSI % Cov. Bldgs 50 

Height. 50 Use RES 

General Description: 2-Story masonry town house construction on street line, 

Building:   Type  

Debris Type     NONE 

Street Width 60 

Rt. Width 10 12 14 16 

Deb/1000 ft. . 0 0 0 0 

o 2 
OS 

2 

=> o 
Ü o 

o 

Q 

0) 
•   C 

w < ^ ° 

Equip. Cap. - Cu. Yds. 

c 

CO cu 

5) 
. u 

TO a 
< Q 

(Ü |-L' 
2  CO 

Lin.Ft./3Hrs 
(1000 ft.) 

u 3 
cu P 

3 —«   in 
c ■—I   +J 

O O 

NEGL GIBLE DEBRIS IN STREETS 

■tt^ 

TABLE 6.17 
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TASK EVALUATION SHEET - DEBRIS 

Zone No. 

i i 
Ov. Pr. PSI % Cov. Bldgs, 50 

General Description: 2-Story masonry town house residential const, on street line. 

Building:   Type 2 Height 50        Use RES  

Debris Type        3-2 

Street Width      60  

Rt. Wridth    110 12 14 16 

Deb/1000 ft. . I 79 95 110 125 

R
o
u
te

 
N

o
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D
eb

. 
C

u
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Y
d.

 
P

er
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00
0 
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t.

 

E
q
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A
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W
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R
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i 

Equip. Cap. - Cu. Yds. Lin.Ft./3Hrs. 
!  (1000 ft.) 

•o x c 
(0 •»• 

W O-, 

0) 
. o 

T-,   (0 
T3 a 
< w 

-.-4 

< Q 

en 
ii 

<D 53 
2 en 

.—4 

Ü   5 

1 125 
95 

288 
165 

16 
12 

520 
250 

470 
225 

340 
160 

1020 
480 

8.2 
5.1 

8.2 
13.3 

2 125 
95 

286 
167 

16 
12 

400 
330 

360 
300 

260 
215 

780 
645 

6.2 
6.8 

6.2 
13.0 

3 125 
79 
79 
79 

286 
161 
162 
162 

16 
10 
10 
10 

400 
130 
140 
140 

360 
115 
125 
125 

260 
85 
90 
90 

780 
255 
270 
270 

6.2 
3.2 
3.4 
3.4 

6.2 
9.4 

12.8 
16.2 

4 110 
79 
79 

284 
163 
162 

14 
10 
10 

330 
185 
140 

300 
165 
125 

215 
120 
90 

645 
360 
270 

5.9 
4.6 
3.4 

5.9 
10.5 
13.9 

5 110 
95 
95 
79 

234 
280 
280 
160 

14 
12 
12 
10 

330 
140 
140 
100 

300 
125 
125 
90 

215 
90 
90 
65 

645 
270 
270 
195 

5.9 
2.8 
2.8 
2.5 

5.9 
8.7 
11.5 
14.0 

13 79 163 10 185 165 120 360 4.6 4.6* 

*INC DMPLET 2 ROUTI Total 75.0 

TABLE 6.18 
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TASK EVALUATION SHEET - DEBRIS 

Zone No. Ov. Pr. PSI 10 % Cov. Bldgs. 50 

General Description: 2-Story masonry tn.-hse. type const, on street line, 

Building:   Type 2 Height        50 Use RES  

Debris Type 

Street Width 

3-2 

60 

Rt. Width 10 12 14 16 

Deb/1000 ft. . 3750 4200 4650 5150 
R

o
u

te
 

N
o
. 

D
eb

. 
C
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Y
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Equip. Cap. - Cu. Yds. Lin.Ft./3Hrs. 
(1000 ft.) 

I» 

*->   CU 
CO 0- 

CD 
. o 

t-> (0 

< CO 

•J5 
< Q 

CO 
u 

2 n 

Iss 

1 5150 
5150 
5150 
4650 
4650 
4200 
4200 
3750 
3750 
3750 
3750 
4200 
NOT C( 

288 
286 
286 
284 
284 
280 
28u 
162 
162 
162 
160 
167 

) MPLET] 

16 
16 
16 
14 
14 
12 
12 
10 
10 
10 
10 
12 

: ONLY 

520 
400 
400 
330 
330 
140 
140 
140 
140 
140 
100 
330 

1310 r 

470 
360 
360 
300 
300 
125 
125 
125 
125 
125 
90 

300 
'. "CLE, 

340 
260 
260 
215 
215 
90 
90 
90 
90 
90 
65 

215 
U*ED" - 

1020 
780 
780 
645 
645 
270 
270 
270 
270 
270 
195 
645 

SEE TE 

0.20 
0.15 
0.15 
0.14 
0.14 
0.06 
0.06 
0.07 
0.07 
0.07 
0.05 
0.15 

XT. 

0.20 
0.35 
0.50 
0.64 
0.78 
0.84 
0.90 
0.97 
1.04 
1.11 
1.16 
1.31* 

2 4200 165 12 250 225 160 480 0.11 0.11* 

3 3750 163 10 185 165 120 360 0.10 0.10* 

4 3750 163 10 185 165 120 360 0.10 0.10* 

13 3750 161 10 130 115 85 255 0.07 0.07* 

*ALI INCOM PLETE Total 1.69 

TABLE 6.19 
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TASK EVALUATION SHEET - DEBRIS 

5       Ov. Pr. PSI 2        % Cov. Bldgs. ________ 
General Description* Multi-story apt. reinforced cone, or steel frm. with msnry. 

exterior panels.  

Zone No. 70 

14 Building:   Type 

Debris Type       None 

Street Width 

pane] 
Height 100 Use RES 

60 
Rt. Width 10 12 14 16 

Deb/1000 ft. . 0 0 0 0 
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TASK EVALUATION SHEET - DEBRIS 

Zone No. Ov. Pr. PSI % Cov. Bldgs. 70 

General Description: Multi-Story apt, reinfrcd. cone, or steel frm.with msnry, 
"        "             „„„exterior panels. 

Building:   Type      14 Height      100 Use  RES. H 

Debris Type . 

Street Width 

2-3 

60 

Rt. Width 10 12    14 16 

Deb/1000 ft. . 79 95  1 110 125 

R
o

u
te

 
N

o
. 

D
e
b
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C

u
. 

Y
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P

er
 1

00
0 
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t.

 

E
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Equip. Cap. - Cu. Yds. Lin.Ft./3Hrs. 
(1000 ft.) 

c 
■*-■   <D 
co cu 

<D 
. o 

TI Q. 
<  CO < 0 CU £> 

»—4 

3 ^ C 
Ü   £ 

1 125 
95 

288 
165 

16 
12 

520 
250 

470 
225 

340 
160 

1020 
480 

8.2 
5.1 

8.2 
13.3 

2 125 
79 
79 

286 
163 
160 

16 
10 
10 

400 
185 
100 

360 
165 
90 

260 
120 
65 

780 
360 
195 

6.2 
4.6 
2.5 

6.2 
10.8 
13.3 

3 125 
95 
79 

286 
280 
163 

16 
12 
10 

400 
140 
185 

360 
125 
165 

260 
90 
120 

780 
270 
360 

6.2 
2.8 
4.6 

6.2 
9.0 
13.6 

4 110 
95 
95 

284 
280 
167 

14 
12 
12 

330 
140 
330 

300 
125 
300 

215 
90 

215 

645 
270 
645 

5.9 
2.8 
6.8 

5.9 
8.7 
15.5 

5 79 
79 
79 
110 

162 
162 
162 
284 

10 
10 
10 
14 

110 
140 
140 
330 

125 
125 
125 
300 

SO 
90 
90 

215 

270 
270 
270 
645 

3.4 
3.4 
3.4 
5.9 

3.4 
6.8 

10.2 
16.1 

13 79 161 10 13 0 115 85 255 3.2 3.2* 

*INC OMPLE1 E ROUT Total 75.0 

TABLE 6.21 
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TASK EVALUATION SHEET - DEBRIS 

Zone No. 

General Description: 

Building:   Type         14 

Debris Type       3-3 

Street Width      60  

Ov. Pr. PSI           6          %Cov. Bldos. ,       70   . 
"Multi-story apt. re inbred. cone. or steel frame- with 
: masonry exterior panels.  
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Rt. Width 10 12 14 16 
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1 1170 
1170 
1170 
1040 
1040 
905 
905 
775 
775 
775 
775 
775 

NO MC 

288 
286 
286 
284 
284 
280 
280 
162 
162 
162 
160 
167 

RE CRA\ 

16 
16 
16 
14 
14 
12 
12 
10 
10 
10 
10 
10 

/URS < 

520 
400 
400 
330 
330 
140 
140 
140 
140 
140 
100 
330 

7% OF 

470 
360 
360 
300 
300 
125 
125 
125 
125 
125 
90 

300 
13000 F 

340 
260 
260 
215 
215 
90 
90 
90 
90 
90 
65 

215 
:. OR 6 

1020 
780 
780 
645 
645 
270 
270 
270 
270 
270 
195 
645 

.00 FT. 

0.9 
0.7 
0.7 
0.6 
0.6 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.8 
COMPL 

0.9 
1.6 
2.3 
2.9 
3.5 
3.8 
4.1 
4.4 
4.7 
5.0 
5.3 
6.1* 

ETE 

2 905 165 12 250 225 160 480 0.5 0.5* 

3 775 163 10 185 165 120 360 0.5 0.5* 

4 775 163 10 185 165 120 360 0.5 0.5* 

13 775 161 10 130 115 85 255 0.3 0.3* 

*AL .iNCor 1PLETE SEE TE: T) Total 7.9 

TABLE 6.-22 
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TASK EVALUATION SHEET - DEBRIS 

Zone No. Ov. Pr. PSI 10 % Cov. Bldgs. 70 

General Description: 

14 

Multi-story apt. reinf. coi    , or steel frame with masonry 
exterior panels, 

Building:   Type 

Debris Type       4-3 

Street Width 

Height        100 Use    RES 

60 

Rt. Width 10        i 12 14 16     | 

Deb/1000 ft. 16,610 17,851 19,09220,333 
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See text for 
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0.01 
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0.07 
0.10 
0.13 
0.16 
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0.02 
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0.0 i * 

0.32 

ne done 
ess tha^i 

plete cm 

TABLE 6.23 

63 

jBBamatoAa - .;>:/. ■. JH& (, i n,, niri^ig 



TASK EVALUATION SHEET - DEBRIS 

Zone No. Ov. Pr. PSI % Cov. Bldgs. 70 

General Description: Multi-story reinfrcd. cone, shearwall- msnry. interior panels, 

Building:   Type j* Height        200        Use RES  

Debris Type 

Street Width 

None 

60 
Rt. Width 10 12 14 16 

Deb/1000 ft. . 0 0 0 0 
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TASK EVALUATION SHEET - DEBRIS 

Zone No, Ov. Pr. PSI % Cov. Bldgs. 70 

General Description: Multi-story reinfrcd. cone, shearwall msnry. interior panels. 

Building:   Type 11 Height       200 Use      RES  

Debris Type       3-3 

Street Width 60 

Rt. Width    10 12 14 16 

Deb/1000 ft. . 83 99 115 131 
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12 
12 

520 
250 
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340 
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99 
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16 
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12 
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90 
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3.3 
3.1 
2.7 
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9.3 
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15.1 
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83 
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10 
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90 
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3.3 
4.3 
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8.9 
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83 
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10 

140 
400 
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360 
165 
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3.3 
6.0 
4.3 

3.3 
9.3 

13.6 

  

Total 71.6 

TABLE 6.25 
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TASK EVALUATION SHEET - DEBRIS 

Zone No. Ov. Pr. PSI % Cov. Bldgs, 70 

General Description:Multi-story reinfrcd. cone, shearwall msnry. interior panels 

Building:   Type 11 Height       200 Use RES  

Debris Type  3 

Street Width 60 

Rt. Width 10 12 14 16 

Deb/1000 ft. . 548 , §45 740 , 833 

. Equip >. Cap. - Cu. Yds. Lin. Ft./3 Hrs. 
?; (1000 ft.) 
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1 839 288 16 520 470 250 750 0.9 0.9 
839 285 16 400 360 190 570 0.7 1.6 
839 286 15 400 360 190 570 0.7 2.3 
740 284 14 330 300 160 480 0.6 2.9 
740 284 14 330 300 160 480 0.6 3.5 
645 280 12 140 125 65 195 0.3 3.8 
645 280 12 140 125 65 195 0.3 4,1 
548 162 10 140 125 65 195 0.4 4.5 
548 162 10 140 125 65 195 0.4 4.9 
548 162 10 140 125 65 195 0.4 5.3 
548 160 10 100 90 50 150 0.3 5.6 
645 167 12 330 300 160 480 0.7 6.3* 
NO MO RE CRAV 'LERS 4 8% OF :3000 FT '. OR 6; 00 FT. COMPL :TE 

2 645 165 12 250 225 120 360 0.6 0.6* 

3 548 163 10 185 165 90 270 0.5 0.5* 

4 548 163 10 185 165 90 270 0.5 0.5* 

5 548 161 JO 130 115 60 180 0.3 0.3* 

*ALL INCOM >LETE (£ EE TEX"] ') Total 8.2 

TAELE 6.26 
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TASK EVALUATION SHEET - DEBRIS 

Zone No, Ov. Pr. PSI 10 % Cov. Bldgs 70 

General Description: Multi-story reinf. cone, shearwall masonry int. panels 

Building:   Tyce        11 Height        200 Use        RES  

Debris Type 4-3 

Street Width 60 

Rt. Width 10 12 14 16 

Deb/1000 ft. . 2955 3343 3730 4119 
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286 
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284 
284 
280 
280 
162 
162 
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160 
167 
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14 
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Z ONLY 

520 
400 
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330 
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140 
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470 
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300 
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125 
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ieo 
160 
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65 
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50 
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ftRED" - 

750       0.18 
570       0.14 
570       0.14 
480       0.13 
48.       0.13 
195       0.06 
195       0.06 
195       0.07 
195       0.07 
195       0.07 
150       0.05 
480       0.14 

SEE TIXT 

0.18 
0.32 
0.46 
0.59 
0.72 
0.78 
0.84 
0.91 
0.98 
1.05 
1.10 
1.24* 

2 3343 165 12 250 225 120 360 0.11 0.11* 

3 2955 163 10 185 165 90 270 0.09 0.09* 

4 2955 163 10 185 165 90 270 0.09 0.09* 

13 2955 161 10 130 115 60 180 0.06 0.06* 

*ALL lb COMPL :TE Total 1.59 

TABLE 0.27 
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7 . 0 CONCLUSIONS AND RECOMMENDATIONS 

7.1   Conclusions 

Metropolitan areas will have enough excavation equi )ment 

and personnel resources to clear rescue routes through debris in many emer- 

gency situations in predominantly single family residential areas.    Few or 

no routes could be cleared in high density areas subjected to more than 6 

psi overpressure. 

The first few hours after the event will be the most critical, 

not only because there will be injuries and other needs for rescue, but also 

because early completion of access routes would provide fire breaks thereby 

preventing or containing subsequent fires which could be more damaging than 

the initial blast force.    The work in this study showed, that not only could 

much be accomplished in three hours in single family residential areas, but 

that significant debris removal progress could be expected under certain 

conditions in high rise areas. 

For successful and effective operations it is necessary 

that resources be mobilized in the pre-evcnt period.    This will require some 

fcrm of early warning and advance planning of resources and potential 

debris situations. 

The most important equipment for this emergency type of 

wor;: is tractors equipped either as bulldozers or as front end loaders. Craw- 

ler typos are more versatile but there is an increasing number of the wheeled 

types being used.   Their reliability is improving even for the moderately 

rough terrain such as would be represented by climbing over small quantities 
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of debris for "leap-frog" operations. 

illC    C<-| UipillCIlL    HlVCiUUllCS    liiaUf    LW    UUll.     ihUiLOLC    ma».    Ill 

each large metropolitan area there should be available one 150 to 300 HP 

tractor for every three square miles of general area.   This makes it possible 

to supply one tractor for about each square mile which appears to be the 

requirement for emergency debris removal in a moderately dense to densely 

populated section of s^ich an urban area. 

The above means tl e possible mobilization of 150 to 200 

dozers or front end loaders, for each Ian e city, or 10 to 20 tractors to each 

of 10 to 20 emergency zones.    One problem is that the pre-event distribution 

of the equipment in most cases will be much less than ideal.   This type of 

equipment is bulky and requires considerable space for storage and mainte- 

nance, though it is readily transportable.   These combinations of features 

and other considerations in most cases lead to storage areas being located 

on the edge of the built up areas within a city.    In addition, the storage 

yards frequently are concentrated in one area so that to mobilize on the oppo- 

site side of the city may require an hour or two under the best conditions to 

move up to 20 miles.    This equipment has bulldozer blades or loading buckets 

of 9 to 16 feet in width so that one pass will clear a route for one way traffic. 

There should be enough qualified personnel in any area 

to accomplish the debris removing activity.    This includes management, ad- 

ministrative and operating personnel in all categories.   A list should oe 

comoiled showing places to contact them.   It is desirable to have this list 
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updated periodically as some of this type of personnel is subject to frequent 

moves to follow construction activity. 

It can also be concluded that it is essential that a detailed 

plan be drawn up to be used as guidelines by cities.    Much of the debris 

estimates and equipment capacity figures will have to be generalized in 

order to make this plan simple and workable. 

7.2   Recommendations 

It is recommended that a simplified debris removal instruction 

ne provided. This will be a guide to city or other urban-local jurisdiction 

which will plan and implement rescue efforts following a debris generating 

event. 

The debris removal guide will eliminate as many variables as 

possible in debris potential evaluation and in the analyses of the capacity 

and mobilization of the resources.    For example: 

1 - Some 2 0 different types of building construction have been 

used for classification.   There is not enough difference in debris generating 

potential in each of those types to require their use in debris estimates anc 

it is a very complicated task to determine accurately the details of construc- 

tion in older parts of cities. 

2 - A contractor in planning a construction job can in many 

cases predict or control the environment in winch his equipment will work. 

Consequently he can figure rather precisely the effects of each environmen- 

tal variable to production.   He can achieve maximum efficiency in matching 

the most suitable equipment to tin various tasks required.    In the urgent 

JJL 



operation of emergency debris removal there may be less of a choice of the 

exact equipment desired and less chance to control its environment.    The 

degree of precision used in forecasting equipment performance in construc- 

tion projects is therefore not warranted in debris removal prediction. 

The above examples are only two of several rather compli- 

cated situations that must be simplified to avoid confusion and to assure 

that there is an effective emergency debris path clearance within a few hours 

after the debris is deposited.   The more simple the instructions are made the 

greater are the possibilities that they will be used in both pre-event plan- 

ning and post attack implementation. 

The new debris removal instruction book should: 

1 - Provide for a means to estimate street debris depth, vol- 

ume and physical characteristics which are critical to its removal from 

an emergency path.    The procedure must be fairly general in nature; flexible 

enough to accommodate variable situations yet provide realistic solutions. 

2 - Indicate zone layout possibilities and ways to propose 

emergency route designs.    The emergency path should bo at least 10 feet 

wide but m wider than is essential to accommodate the equipment assigned 

to clear it. 

3 - Show how to inventory resources ana to estimate their 

capabilities 

4 - Provide detailed mobilization and operating instructions 

for operation in a three hour period following an emergency event. 
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5 - Give some simplified format for control of records of 

hours of personnel and of resources, such as hired equipment. 

7.3      Example of Simplified Task Evaluation 

One example of a method for simplifying some of 

those procedures is given in Table 7.1.   It is based on the hypothetical 

situations used for this study.   This table reduces the variables to determine 

equipment capabilities for a single meandering lane to route depth and debris 

type.   The two general debris types found in the study zones are used. The 

same can be done for other types of debris, though it is likely that tables 

for two or three debris types, previously determined, will suffice for any 

particular zone.    The depth of debris for meandering routes can also be pre- 

determined for varying overpressures as outlined in Section 5.   Once the 

event has occurred, however, the debris manager will know what overpres- 

sure the zone has been subjected to and can check the actual amount of 

debris in the streets. 

Using the results obtained in this study and considering 

the sixteen pieces of equipment as representative, the route clearance ca- 

pabilities of an "average" unit was established.    The distance that this 

"average" unit could clear per hour could then be computed and presented 

in tabular form.    The same was done for the smallest unit (code 160) and 

largest unit (code 2 88) considered in this study. 

As an example, consider a task requiring a lane 13,000 

feet long to be cleared in three hours.   The debris is type 3-2 and 0.3 feet 

deep in the meandering lane.    This can be accomplished by using,   a) 3 



SIMPLIFIED DEBRIS CLEARANCE TABLE 

FOR EMERGENCY SINGLE LANE MEANDERING ROUTE 

AVG. 
ROUTE 
DEPTH 
(FT.) 

ROUTE DISTANCE CLEARED (FT.)/UNIT/HOUR 

DEBRIS TYPES 2-3, 3-2, 3-3 DEBRIS TYPE 4 -3 

Smallest 
Unit 

Average 
Unit 

Largest 
Unit 

Smallest 
Unit 

Average 
Unit 

Largest 
Unit 

0. 1 1700 3300 5700 1250 2450 4200 

0.2 850 1650 2800 650 1200 2100 

0.3 550 1100 1850 400 800 1400 

0.4 400 800 1400 300 600 1000 

0.5 350 650 1100 250 450 800 

0.6 280 530 910 200 390 670 

0.8 200 390 670 150 290 500 

1 .0 160 310 5 30 120 230 390 

1 .5 100 200 340 75 150 250 

2.0 75 140 2 50 55 110 180 

2.5 55 110 190 45 80 140 

3.0 45 90 150 35 65 110 

4.0 35 65 110 25 45 80 

5.0 25 50 85 20 35 60 

Note:   The results obtained by use of this table are approximate and are 
intended for use in emergency situations to speed and simplify 
decisions in comparing capabilities and establishing priorities. 
When time permits, the procedures described in the text, incor- 
porating all appropriate variables, should be followed. 

TABLE 7. 1 
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large units, [l3,000 *   (3 x 185 0)! ,   b) 4 «average size units, 

[l3,000 T   (3 x 1100)] , or, c) 8 small units, [l3,000 * (3 x 550)] 

If the depth to be cleared is 3 feet, it would take 4 8 average units 

13,000 T    (3 x 90)1 and probably not be possible.    If only i6 units 

were available it would take 9 hours [13,000 *   (16 x 90)1 to 

clear this route.   This type of chart should be helpful in establishing rela- 

tive priorities.   It should be remembered, however, that it is based on 

average production rates of a particular mix of equipment and when time 

permits, the task evaluation based on the actual units available will yield 

more accurate answers. 
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APPENDIX A 

DEBRIS REMOVAL 

INSTRUCTIONS FOR IMPLEMENTATION 

AND EVALUATION 

BACKGROUND 

Immediately following several types of disasters, there will be a 

need to gain access to designated general areas of a city or to specific 

places for emergency vehicles such as ambulances, rescue cars and fire- 

trucks.   The instructions in this appendix are based on clearing emergency 

routes following an emergency caused by a nuclear explosion. 

The guidelines provided here are designed primarily for use at the 

zone level within the city and coordination with some city wide or area 

actions are discussed.    There may be ten to twenty zones within a city. 

Activity at the zone level is the key to determining the times which affect 

the critical survival actions or times required to gain access to critical 

spots.    It is presumed for this analysis that the overall city plans for im- 

plementing debris removal have been made and only those which are critical 

to the zone debris problem are discussed here. 

Some of the forms and tables have been used in ether studies or in 

other portions of this report.   They have been repeated in this Appendix 

where appropriate, to provide L ^onplete and independent synopsis of 

debris removal planning procedures. 
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These instructions are based on the assumption that there will be a 

need to clear several routes within each zone in a city.   These routes may 

be about two to three miles in length and wide enough ior passage of one 

way traffic.   It is assumed that in each route there will be some occasional 

wide spots for vehicle passing and these will occur naturally and not affect 

productivity or critical times. 

It is further assumed that these routes must be cleared within a 

critical time of about three hours and within that time fires will not have 

spread sufficiently to interfere with debris removal activity or to modify 

the physical character of the debris.   It is assumed also that radiation 

fallout is not a problem in this operation. 

PRE-EVENT PLANNING 

Plans should be made in as much detail as time and resources per- 

mit in anticipation of disasters, including nuclear explosions.   The debris 

removal plan must be coordinated with other emergency efforts at the city 

levels.    Familiarity with those other planned activities for the broader area 

is essential for the zone debris managers if they are to do their job well. 

Establishing Zones 

It is a common practice to divide a city into zones or areas of 

cont ol of emergency operations.    This is routine for fire departments, po- 

lice control etc.    If these have not been established for disaster recovery, 

the city debris removal planner should establish zone lines for his purpose. 

These can be used for his planning and should be made recognizing a proba- 

ble need to later adjust them to coordinate with the other emernency plans. 
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The following features would be desirable for debris removal zones 

and resource control. 

A - Be no more than 5 miles by 5 miles in size. 

B - Contain all of the same type of building construction and size. 

C - Have similar occupancy or use of buildings throughout. 

D - Have facilities near the zone center for a staging area and 

zone command or control and resource marshalling position. 

Such a hypothetical zone is shown on Figure A-l.   The above 

listed zone features are for an ideal situation, which rarely will be found 

but the list can serve as a guide in establishing zones. 

The size in "A" in the above list shows 5 miles by 5 miles which 

is for guidance only as zone size and shape will depend on local situations. 

Building types in "B" of the list indicates the predominant mate- 

rial of construction and building size.   This, for example, might be "wood" 

or "masonry" etc. , and would also specify "one (or two) story" or "multi- 

story" construction. 

Building use in "C" of the list is "Residential", "Commercial", 

or "Industrial", usually designated in these studies as "R",    "C", or "I" 

respectively. 

The command oost, in each zone, for many city emergency plans 

is called the Multi-purpose Staging Area or MSA and will be called MSA in 

this discussion.    The manager of the overall emergency recovery operation 

for the zone, including activities other than debris, will also be located at 

the MSA.   The director of the debris removal function will report to this 
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General Zone Manager but may also have contact with the debris manager 

for the city or metropolitan area or other zone^.   Equipment interchange may 

be necessary between zones and direct contact between zone   debris groups 

should be encouraged and reported later to those others in the zone head- 

quarters who may be affected.   The MSA headquarters will establish zone 

task priorities and provide the facilities for routine communication with the 

city headquart    s and other zones.    The MSA management will give direction 

on priorities of tasks to the zone's debris group and provide for it consum- 

able supplies such as fuel and lubricants. 

Field Survey of Debris Potential: 

Figure A-2 is a Debris Prediction Survey (DPS) form which is the 

basic document used to predict debris characteristics and quantities.   These 

forms can be used singly for a complete üone, but in some cases a 5 mile 

by 5 mile (or 25 square mile) zone should be divided into several smaller 

subzones for DPS analysis.   This further division of zones may be needed 

to assure that the DPS sheet is restricted to similar conditions, of building 

construction, use or density.   It is unlikely that the same conditions of 

building construction or use or other factors such as building density will 

repeat themselves throughout many five mile by five mile zones in any 

city.   These DPS forms normally are filled in partially by a drive through 

survey of the zone during pre-event planning bur some of the entries may 

be done in part by study of city maps or of special maps such as those used 

for insurance analyses. 
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f 

The DPS form is identified by an assigned zone or sub-zone number; 

and then it is completed as follows: 

A - Fill in the average "Block Size" in length and width in feet 

by drive through observation or from maps, or both. 

B - "Street Width" is inserted on the form and is the surveying 

engineer's estimate of the average width of streets, judged 

usually from the drive through observation but checked by 

maps which may be available. 

C - "Building Coverage" is the percentage of land, other v.han 

that in streets, that is covered by buildings.   This in most 

cases will be a judgment entry based on the drive through or 

map study. 

D- The average "Building Height" is the average of the heights 

of all buildings in the zone.   This again, is an estimate or 

a judgment of the average height. 

E- The  "Building Type" is determined from Table A.l, for ap- 

propriate building description and code number. 

F- "Building Use" is for the predominant use of the buildings in 

the zone, or sub-zone.   The building use is either "C" for 

commercial, 'T' for industrial or "R" for residential. 

G- "Trees and poles" is a relative decision such as "none", 

"moderate" or "heavy". 

H-  "Comments" is for any unusual situations which might affect 

A- 7 
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the character or quantity of debris or indicate potentiu ly 

unusual rescue requirements.   For example, expected un- 

usual traffic concentrations at different time of day might 

be noted.   It may be noted also that there is an adjacent 

river cr lake which would affect access or movement of 

resources. 

I- The "E.B.S." is the equivalent building strio, found on 

Table A. 2 using "Building Coverage" and "Size or Block" 

from the survey for coi'rol or reference. 

J- The "Contained Volume" entry is determined by multiplying 

"EB3" by the average "Building Height". (See "D"). 

K- The "Material Factor" is used to determine potential de- 

bris generated by different types and uses of buildings 

affected by both conditions of "blasts only" or by "blast 

and fire".   The factor for each of those conditions is read 

from Table A. 3. 

L- The "Potential Debris" for the "Blast Only" condition and 

for the "Blast and Fire" conditions are determined by 

multiplying the appropriate "Material Factor" (K) by the 

"Contained Volume" (J). 

M- The "Average Depth Factor" is selected from Table A.4. 

N- "D t B" is determined by dividing the "Building Height" 

(D) by "Street Width" (B) from this survey. 
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EQUIVALENT BUILDING STRIP 
(E.B.S.) 

% of Bldg. 

SIZE OF BLOCK — FEET 

300 by 200 by 300 by 300 by 300 by 400 by 
Coverage 100 200 200 300 400 400 

10 4 5 6 8 9 11 

20 8 11 13 16 18 21 

30 12 16 20 25 28 33 

40 16 23 27 34 39 45 

50 21 30 35 44 50 59 

60 26 37 44 55 63 73 

70 30 46 54 68 77 90 

80 37 56 65 84 94 110 

90 43 68 79 103 115 136 

100 50 100 100 150 

i  

1.50 200 

E.B.S.       = (LxW)1/2 -   [LW(l-C)] 1/2 

2 

Where L    = Length of Block, Ft. 

W    = Width of Block, Ft. 

C    = Percentage of block covered by buildings 
(Expressed as a decimal) 

TABLE   A.2 

A-10 

m-M*a,^a^-t^— -- aJBUHlllMHi ^flMUBM 



!^m^*?m?^:r^^i*W^^f®&^ -*»s.* -..--* w-i, « *--„>-- 

i 
. 

DEBRIS FACTORS 

BUILDING VOLUME x FACTOR GIVES POTENTIAL DEBRIS VOLUME 

Building 

BLAST ONLY BLAST & FIRE 

Type Res. Com. Ind. Res. Com. Ind. 

1 .218 .354 .026 .076 
2 .373 .494 .390 .186 .230 .216 
3 - .164 .188 - .040 .052 
4 - .158 .182 - .034 .046 
5 - .162 .188 - .040 .052 
6 - .160 .184 - .036 .048 
7 - .166 .190 - .042 .054 
8 ~ .160 .184 - .036 .048 
9 - .380 .456 - .216 .242 

10 - .460 .536 - .296 .322 
11 .276 .406 .290 .132 .180 .162 
12 .376 .506 .390 .230 .278 .260 
13 .256 .392 .138 .116 .164 .146 
14 .330 .466 .350 .190 .238 .220 
15 .270 .406 .290 .130 .178 .160 
16 .350 .486 .370 .208 .256 .238 
17 .280 .340 .320 .134 .168 .172 
18 .290 .350 .330 .148 .182 .186 
19 - .274 .254 - .102 .106 
20 mm .300 .280 

• 

.132 .136 

Note:   Res   = Residential; Com. = Commercial; Ind. = Industrial 

TABLE   A. 3 
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i 1 AVERAGE DEPTH FACTOR 

;    i 

I I i 

Width of 
Street Ft. 

SIZE OF BLOC! <- FEET 
300 by 
100 

200 by 
200 

300 by 
200 

300 by 
300 

300 by 
400 

400 by 
400 

30 .026 .020 .023 .021 .023 .021 

40 .019 .015 .017 .015 .017 .016 

50 .015 .011 .013 .012 .013 .012 

60 .012 .009 .011 .010 .011 .010 

70 .010 .008 .009 .008 .009 .009 

80 .009 .007 .008 .007 .008 .007 

90 .008 .006 .007 .006 .007 .006 

100 .007 .005 .006 .005 .006 .006 

110 .006 .004 .005 .005 .006 .005 

120 .005 .004 .005 .004 .005 .005 

TABLE   A. 4 
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This completes the field survey of debris potential.   The 
I 

a.;tual quantities and characteristics of the debris can be computed in 

i 
the office. 

Computation of Debris 

After the top part of the DPS sheet has been completed in 

the field, details of debris expected are computed and inserted on the low- 

er part of the form using procedures described below. 

li is suggested that overpressures (psi) of 2, 4, 6 and 10 be 
i 

listed in the pre-event analysis.   There is not enough difference in effect 

of 6 or 8 psi to use both.   In most cases an overpressure of 10 psi or more 

will have caused so much damage that rescue efforts in short periods of 

time will be ineffective.   Similarly at more than 10 psi, destruction and 

distribution of debris in the streets will be very similar to that at 10 and 
i 

I 
so complete that not much can be done in the three hour time frame of 

this study, except in situations of very low density of buildings. 

The columns in the lower part of the DPS sheet, can be 

filled in as follows: 

1- "Incident Overpressure" is entered in the first column 

of the "Blast Only" section as 2, 4, 6 and 10, as 

suggested and discussed above.   This should be re- 

peated   for the blast and fire section. 

2 - "Damage" is a judgment entry and is designated by a 

letter, of (L) light (M) medium and (S) severe.   Gen- 
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erally, overpressures of 4 psi or lower will be light, 

4 to 6 psi will be moderate and over 6 psi severe. 

This arbitrary scale migtit be reduced about one level 

for sparsely settled areas and similarly raised for 

densely built up sections, for example for high rise 

buildings on narrow streets. 

3 -The "Off Site Factor" is selected from Table A.5 for 

the appropriate pressure and the building type. 

4-Volume of "Off Site Debris" is the "Off Site Factor" 

(3) multiplied by the "Potential Debris", the "L" entry 

in the top part of the DPS form. 

5 - The average depth is the volume of off site debris from 

column (4) times the average depth factor from "M" at 

the top of the form. 

6 - The ratio of maximum to average depth possibilities 

column (6) will sr-rve as a guide in equipment assign- 

ment and will be selected from Table A. 6. 

7 - The maximum depth in column (7) is the average depth 

(5) times the ratio of maximum to average deptu from 

column (6). 

8 - The maximum size in inches in column (8) is selected 

from the "S" column on Table A.7 using building type 

as shown in "E", building use from "F" and forecasts 
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of damage levels of light, moderate or severe, which 

have already been inserted in Column 2 on the DPS sheet. 

9 - The building contents code for column (9) can be found 

in the appropriate "CC" column in Table A. 7. 

10-Trees and poles condition of "light", "medium", or 

"heavy" is repeated from the top of the form "G". 

11 - The debris type is called parameter A and is selected by 

judgment from Table A.8 as that one most closely fitting 

i 
the combination of debris conditions of maximum size, 

range of depths aixd estimated structural content for the 

building type sho.vn as "E". 

It should be noted that all of this should be completed prior 

to the emergency.   The debris manager having access to this information 

I 
will have a reasonably accurate picture of what to anticipate in the way 

of debris removal problems under various conditions before the actual 

event.   His main concern immediately following the explosion will be in 
5 

establishing priority of tasks and matching available resources to those 

tasks. 

RESOURCE EVALUATION 

The two principal resources most critical to debris removal, 

and which are more or less independent of the resource needs of other 

emergency actions, are construction equipment and construction personnel. 

Other activities will use larger quantities of most of the other supplies 

A-1«* 
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DEBRIS DESIGNATIONS 

Debris 
Designation 

Range of 
Max. Size 

Inches 

Range of 
Max. Depth 

Feet Structural Content 

1-1 1-6 0.1-1 None 

1-2 1-6 0.1-1 Wood 

2-3 7-14 1.1-3 Light Steel 

3-1 15-30 3.1-6 None 

3-2 15-30 3.1-6 Wood 

3-3 15-30 3.1-6 Light Steel 

3-4 15-30 3.1-6 Medium Steel 

3-5 15-30 3.1-6 Heavy Steel 

4-3 31-48 6.1-10 Light Steel 

4-4 31-48 6.1-10 Medium Steel 

4-5 31-48 6.1-10 Heavy Steel 

5-3 49-60 10.1-15 Light Steel 

5-4 49-60 10.1-15 Medium Steel 

5-5 49-60 10.1-15 Heavy Steel 

6-4 61-72 15.1-20 Medium Steel 

6-5 61-72 15.1-20 Heavy Steel 

TABLE A. 8 
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which are also required and critical in debris removal such as fuel and 

lubricants.   It is assumed, therefore, that provision and control of these 

shared resources will be the responsibility of ethers in the emergency 

headquarters.   The zone debris removal manager will draw on those MSA 

controlled supplies through channels established, and with procedures 

defined, by the headquarters. 

The main equipment for the emergency periods will be bulldozers, 

front end loaders, and motor graders.   These are most likely to be found 

in the yards of dealers, and local contractors, particularly those contrac- 

tors who do road and building excavation work in the immediate area. 

They should be inventoried in the pre-event period and the inventory kept 

current by the city or area office concerned with emergency preparedness 

planning. 

In many cases there will be one or more organizations of con- 

tractors locally and these associations traditionally will cooperate fully 

with planning such operations for the public good by providing critical 

equipment inventory data or assistance in gathering it. 

An equipment inventory record as shown by Figure A-3 will be 

filled out for each contractor or owner by the overall city or area debris 

planner in the pre-event time period.   He will use these sheets to make 

his overall inventory from which he will allocate equipment to the zones. 

This type of form in Figure A. 3 is self-explanatory giving the name and 

location of the contractor's yard.   Each yard when first inventoried will 

be assigned a serial number.   If the contractor has more than one perm- 
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anent yard, a record should be made for each yard, but not for casual or 

temporary locations that he has established to service a single job even 

though such a job may last a year or two. 

The inventory will list under the "Equipment" column the name 
I 

"Bulldozer", "Shovel" etc.   In the "type" column is "crawler" or "wheel". 

1 
The approximate horsepower or capacity rating of the equipment is shown 

1 
in the "Value" column under "Horsepower" or "Capacity" and the "Unit" 

column merely indicates whether the value is expressed in horsepower or 

bucket capacity in cubic yarJs. 

The code for the equipment is inserted after being selected from 

the third column of Table A. 9.   The manufacturer and model designation are 

entered on the inventory in the appropriate columns.   Anything unusual 

about the condition of the equipment will be shown, but if it is in good 

order and ready for normal duty, as it may normally be expected to be, the 

"condition" column will be blank.   The quantity of that type of unit in the 

yard is shown in the last column. 

A summary of the units available in the area will be listed by 

code number on a form like Figure A-4 which is an overall inventory.   De- 
I 

pending on the local situation, this inventory summary may be further di- 
I 

vided into general areas of the metropolitan area, as perhaps "South", 
A 

"North", "Central," etc. , or even into the emergency zones.   This addi- 
i 

tionai breakdown would be only for convenience and more orderly assign- 

ments and should not become so complex as to be burdensome. 



CRITICAL SURVIVAL PATH 

EQUIPMENT CODE AND CAPACITY 

I 
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r.
 Adjusted 

cu.yd/hr. 

Type 
Space 
Adj. 

Prod. Factor* 

0.72 0.53 

280 150 12 140 125 90 65 
0) 282 200 12 230 210 150 110 
S 284 250 14 330 300 215 160 
(0 
Id 

O 
286 300 16 400 360 260 190 

u 
<U 
N 
0 

73 

288 300 16 520 470 340 250 

-a 283 200 12 190 170 120 90 
3 

00 285 250 12 275 250 180 130 
a; 287 300 14 350 320 230 170 

* 

289 300 16 530 480 350 260 

u 160 150 10 100 90 65 50 

(0 
i-, 

Ü 

162 20Ü 10 140 125 90 65 
u 
<E 

73 
(0 

3 

164 
165 

250 
300 

12 
14 

185 
245 

165 
220 

120 
160 

90 
115 

73 
C 
W 161 150 10 130 115 85 60 
c 
0 
Id 

163 
165 

200 
250 

10 
12 

185 
250 

165 
225 

120 
160 

90 
120 

167 300 12 330 300 2 15 160 
169 300 14 430 390 280 210 

u 141 150 14 160 145 105 75 

2 *a !    143 200 16 200 180 130 95 

2 0 
145 250 16 280 250 180 130 

* Note:   Productivity Factor 0.72 used for debris type 2-3, 3-2 & 3-3 
0.53 used for debris type 4-3 

TABLE A.O 
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Personnel resources can be established by contacting the 

following agencies: 

A.   The management and clerical talent needed can be pro- 

vided by contacting the most active organization of 

contractors in the area.   This association may be the 

Association of General Contractor's (AGO, but in some 

cities other associations may be closer to the intermed- 

iate or smaller local contractor;, who will be most use- 

ful in this work.   Frequently, the larger international 

contractors have little equirnxnt or job managers at 

the home base, although a few have kept operative a 

group for local activity. 

B. Operators, helpers and mechanics can be requested 

from the locil union hiring hall.   Contact in the plan- 

ning phase shculd be established with all offices in 

the immediate area, in the -?vent any one or more of 

the union offices may be disabled by the event.   Some 

of the equipment will be accompanied by an operator 

on its arrival at the staging area as frequently such 

operators are more or less permanently asrigned to a 

unit by an owner. 

Studies to date indicate that there will be adequate per- 

sonnel available for the emergency clearing tasks.  In addition to local sources 
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such personnel could be available for an emergency from other areas within 

one or two hours transport time to most cities. 

The city debris removal manager will make an analysis of the 

general city-wide situation taking into account the physical features of the 

zones and of the overall equipment inventory.   A pre-event allocation of 

equipment should be made, based on this judgment.   Generally, it is ex- 

pected that a 5 x 5 mile zone will require 10 to 20 tractors or front end 
i 

'{ 

loaders depending on the concentration of buildings in the area.   About 

I 
two motor graders should be assigned to each zone for rapid light "street J 

i 

sweeping" assignments. 

Mobilization action should be established to be taken in the 

case of a pre-event warning.   Such a warning may be possible for such 

events as nuclear attacks or hurricanes.   The overall city or area debris 

manager in such a case may be directed to mobilize in anticipation of an 

event.   He should man each MSA with a zone debris manager who may be 
i 
I 

from the city staff but more than likely will have been furnished by the 
<; 

local contractor's association as most of the qualified city personnel will 

have other assignments related to recovery. 

1 
At the time of mobilization, the zone debris manager will move 

into the MSA and establish communication with overall zone manager.   He 

will then establish a small office force of perhaps two or three to maintain 

records, provide communication and perform office management tasks. 

This staff might also be provided by the contractors as it would 

be desirable to have people familiar with excavation terminology and 
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I 

methods.   The size of the administrative group will depend on the local 

situation. 

The debris manager for the zone will contact owners of the 

equipment which has been allocated to him and, if it has not been done, 

start movement to the MSA of all or part of the allocation as may have 

been determined as essential for the initial requirements.   The equipment 

will be fully fueled and serviced so as to be prepared for at least one 

eight hour shift operation without interruption. 

At this point, the zone debris manager will know how much and 

what types of operating personnel he must obtain from the union hiring 

hall.   He will contact the local union and have that personnel sent to the 

MSA. 

Quarters will be provided for the operators and staff during the 

emergency period and communication established between the command 

post and these quarters preferably by radio as well as phone if the MSA 

and quarters are physically separated.   It is envisioned that the MSA may 

be a school or shopping center and the quarters may be a nearby motel. 

IMPLEMENTATION 

The zone debris manager in the planning stage of advanced 

warning will receive instructions from the zone manager on probable routes 

to be cleared and their priority.   It is assumed that there will be some 

warning and that the advance mobilization will allow the zone debris man- 

ager to make a provisional evaluation of the situation.   If provisional tasks 
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i 

have not been specified by higher command, the zone debris manager should 

indicate several routes on the map Figure A-l to serve this purpose.   These 

tasks are numbered and can be described on a task evaluation sheet shown 

as Figure A-5. 

The completed DPS sheet on Figure A-2 provides most of the 

data required for the top part of Figure A-5 for task evaluation.   The ex- 

ception to this is data in the table for volumes of debris pe. 1000 lineal 

feet for each of 4 route widths.   These are obtained as follows: 

Debris/1000 lineal feet = (DW + D2) 

Where D = d x M 

d = average depth from DPS 

> M= Meandering factor from Table A. 10 

w= Route width in feet as shown in column (4) 

The real, or assumed route numbers, are put in the first column 

on the lower part.   Next equipment is assigned in column (3), by code, 

and from the equipment assignment sheet, Figure A-6.   Equipment will be 

chosen from that equipment listed as assigned to the zone which list may 

simply show the equipment code and its originating yard's serial number. 

The route width for column (4) is found on Table A. 9 for that 

piece of equipment and, using that and the table at the top of the task 

evaluation form, the debris in cubic yards per 1000 feet can be entered 

in col'jmn (2). 

The standard production for column [b) is selected from Table 

A. 9 as is the adjus^J production for oc.'t'mns (6) and {7).   The standard 

A-28 

ÜiMiUi 



»TBWVFWSSMTVft"'!  * WfaimWMMUMHmW I » AWTOT; WEHETPfW* 

TASK EVALUATION SHEET - DEBRIS 

Zone No. Ov. FT. PSI % Cov. Bldgs. 

General Description: 

Building:   Type  

Debris Type  

Street Width 

Height, Use 

Rt. Width 10 12 14    |       16 

Deb/1000 ft. . —1 
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production rates are adjusted for confined working space and debris condi- 

tions. The productivity factors used in Table A. 9 are for the debris types 

most prevalent in the hypothetic. . situations of this report. 

The net production in 3 hours for column (8) is simply three times 

the hourly rate in column (7).   Dividing the production capacity in column 

(8) by the debris volume per 1000 ft. in column (2) gives the distance 

cleared in three hours for column (9).   Some routes will have more than one 

piece of equipment assigned.   The 10th and last column is cumulative dis- 

tance cleared for all equipment units assigned to a route. 

| A summary of the total feet cleared for each of the routes in the 

last column will give a preliminary evaluation of the debris clearing poten- 

tial. 

Preliminary task assignments, pending instructions from zone 

headquarters, may be made following the above guideline so that debris 

removal can start as so'-   after an event as crews and machinery can be 

mobilized.    T'  is, considerable debris may be removed while the zone 
I 

headquarters is collecting intelligence data as to where it may be critical 
§ 

| to clear emergency paths. 

I The preliminary routes will probably fan out from the MSA.   Cer- 
I 
I 

tain obvious targets for routes such as hospitals, schools or connecting 

routes to adjacent zones may be recognized in the preliminary route assign- 

ments.   The equipment will not have advanced so far that pulling it back 

for redirection, as a result of post-event intelligence, or other orders 
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1 

t 

\    I 

from headquarters would cause any difficulty or delay. 

In this type of emergency path clearing, no complicated proced- 

ures need be established for support equipment.   Excavating units normal- 

ly will be working alone.   Occasionally such thingr as light plants, 

paving breakers and compressors or water pumps may be needed.   These 

will be the exception and the normal procedure should not be confused or 

made more complicated to provide them automatically.   This can be done 

ü 
as needed by the zone's debris staff. 

Orders to equipment operators will be verbal. A record will be 

kept by the administrative staff of work assignments, hours worked and 

supplies used.   This record should contain: name of operator and equip- 
..( 
I 

ment; identity by model and serial number, and owner's serial number. 
i I 
I 

A form for this has been prepared as Figure A-6.   The "identity" column is 
1 
i 

for a number to be assigned to each piece of equipment by the zone on 

receipt of the equipment.   A separate record should list the assigned 

equipment number, the equipment model, make, manufacturer's serial f 

i 
number and the owner's name and serial number.   The equipment identity I 

I 

number can be put on a metal tag on a chain to be attached to the equip- 

ment for ease of identification. 

The completed forms Figure A-6 for each day will be saved for a 

permanent record of the zone operation.   The route's starting street, or 

intersection, street or direction of it's progress and street or intersection 

of its end will be written on a separate note for the equipment operator. 

This dated note will show time of start and completion and be signed by 
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the operator. 

The 5 operational forms Figures A2, A3, A4, A5 and A6 are completed 

using hypothetical data as an example and are included as Tables A. 11 

through A« 15. 

t 
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TASK EVALUATION SHEET - DEBRIS 

Zone No. Ov. Pr. PSI % Cov. Bldgs. 20 

General Description: 2-Story frame sngl. family residence on city lots. 

Building:   Type 1 Height 50 Use RES 

Debris Type 3-2  

Street Width 80 

Rt. Width 10 12 14 16 

Deb/1000 ft. 34 40 47 54 
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Equip. Cap. - Cu. Yds. Lin.Ft./3Hrs. 
1  (1000 ft.) 

u 
C 

co a, 

. o 
TJ Q. 
<  CO 

w 
1-4 

^ £ < Q 

w 
U 

2 CO 

■u 

o £ a, D 

• 

3 ^ C 
Ü   £> 

1 34 
34 

160 
163 

10 
10 

100 
185 

90 
165 

65 
120 

195 
360 

5.7 
10.6 

5.7 
16.3 

2 34 
34 

161 
162 

10 
10 

130 
140 

115 
125 

85 
90 

255 
270 

7.5 
7.9 

7.5 
15.4 

3 34 
40 

163 
200 

10 
12 

185 
140 

165 
125 

120 
90 

360 
270 

10.6 
6.8 

10.6 
17.4 

4 40 
40 

165 
280 

12 
12 

250 
140 

225 
125 

160 
90 

480 
270 

12.0 
6.8 

12.0 
18.8 

5 34 
34 

162 
162 

10 
10 

140 
140 

125 
125 

90 
90 

270 
270 

7.9 
7.9 

7.9 
15.8 

6 40 167 12 330 300 215 645 16.1 16.1 

7 47 284 14 330 300 215 645 13.7 13.7 

8 47 284 14 330 300 215 645 13.7 13.7 

9 54 286 16 400 360 260 780 14.4 14.4 

10 54 286 16 400 360 260 780 14.4 14.4 

11 54 288 16 520 470 340 1020 18.9 18.9 

Total 174.9 

TABLE A. 14 
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EQUIVALENT BUILDING STRIP 
(E.B.S.) 

% of Bldg. 

SIZE OF BLOCK — FEET 

300 by 200 by 300 by 300 by 300 by 400 by  | 
Coverage 100 200 200 300 400 400 

10 4 5 6 8 9 11 

20 8 11 13 16 18 21 

30 12 16 20 25 28 33 

40 16 23 27 34 39 45 

50 21 30 35 44 50 59 

60 26 37 44 55 63 73 

70 30 46 54 68 77 90 

80 37 56 65 84 94 110 

90 43 68 79 103 115 136 

100 50 100 100 150 150 200 

S; 

E.B.S.       = (LxW)1/2 -   [LW(l-C)] 1/2 

2 

Where L    = Length of Block, Ft. 

W    = Width of Block, Ft. 

C    = Percentage of block covered by buildings 
(Expressed as a decimal) 

TABLE B.1 
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DEBRIS FACTORS 

BUILDING VOLUME x FACTOR GIVES POTENTIAL DEBRIS VOLUME 

Building 

BLAST ONLY BLAST & FIRE 

Type Res. Com. Ind. Res. Com. Ind. 

1 .218 .354 .026 .076 
2 .378 .494 .390 .186 .230 .216 
3 - .164 .188 - .040 .052 
4 - .158 .182 - .034 .046 
5 - .162 .189 - .040 .052 
6 - .160 .184 - .036 .048 
7 - .166 .190 - .042 .054 
8 - .160 .184 - .036 .048 
9 - .380 .456 - .216 .242 

10 - .460 .536 - .296 .322 
11 .276 .406 .290 .132 .180 .162 
12 .376 .506 .390 .230 .278 .260 
13 .256 .392 .138 .116 .164 .146 
14 .330 .466 .350 .190 .238 .220 
15 .270 .406 .290 .130 .178 .160 
16 .350 .486 .370 .208 .256 .238 
17 .280 .340 .320 .134 .168 .172 
18 .290 .350 .330 .148 .182 .186 
19 - .274 .254 - .102 .106 
20 i       — .300 .280 .132 .136 

Note:   Res. = Residential; Com. = Commercial; Ind. = Industrial 

TABLE B.2 
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AVERAGE DEPTH FACTOR 

1 

Width of 
Street Ft. 

SIZE OF 3LOC < - FEET 
300 by 

100 
200 by 

200 
300 by 

200 
300by 

300 
300 by 

400 
400 by 

400 

30 .026 .020 .023 .021 .023 .021 

40 .019 .015 .017 .015 .017 .016 

50 .015 .011 .013 .012 .013 .012 

60 .012 .009 .011 .010 .011 .010 

70 .010 .008 .009 .008 .009 .009 

80 .009 .007 .008 .007 .008 .007 

90 .008 .006 .007 .006 .007 .006 

100 .007 .005 .006 .005 .006 .006 

110 .006 .004 .005 .005 .006 .005 

120 .005 .004 .005 .004 .005 .005 

!■ 

TABLE B.4 
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DEBRIS DESIGNATIONS 

. 4 

Debris 
Designation 

Range of      | 
Max. Size 

Inches 

Range of 
Max. Depth 

Feet Structural Content 
1 

if 

1-1 1-6 0.1-1 None 

> 

1-2 1-6 0.1-1 Wood 

2-3 7-14 1.1-3 Light Steel f 

3-1 15-30 3.1-6 None 

3-2 15-30 3.1-6 Wood 

3-3 15-30 3.1-6 Light Steel 
! 

3-4 15-30 3.1-6 Medium Steel 

3-5 15-30 3.1-6 Heavy Steel 

4-3 31-48 6.1-10 Light Steel 

4-4 31-48 6.1-10 Medium Steel 

4-5 31-48 6.1-10 Heavy Steel 

5-3 49-60 10.1-15 Light Steel 

5-4 49-60 10.1-15 Medium Steel 

5-5 49-60 10.1-15 Heavy Steel 

6-4 61-72 15.1-20 Medium Steel 

6-5 61-72 15.1-20 Heavy Steel 

TAB! ,E B.8 
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ADTUSTKINT OF DEBRIS DESIGNATIONS 

TRAFFIC CONTENT 

Debris Adjusted Debris Designation 
Designation 

Light (1) Medium (2) Heavy (3) 

1-1 1-1 1-1 2-3 

1-2 1-2 2-3 2-3 

2-3 3-3 3-3 3-4 

3-1 3-3 3-4 3-5 

3-2 3-4 3-5 4-3 

3-3 3-4 4-3 4-4 

3-4 3-5 4-4 4-5 

3-5 4-3 4-5 5-3 

4-3 4-5 5-3 5-4 

4-4 5-3 5-4 5-5 

4-5 5-4 5-5 5-5 

5-3 5-4 5-5 5-5 

5-4 5-5 5-5 6-4 

5-5 6-4 6-4 6-5 

6-4 6-4 6-5 6-5 

6-5 6~5 6-5 6-5 

-. 

TABLE B. 9 
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STANDARD PRODUCTION 

Major Equipment Item 
Code & 

( 
Standard Production 
3u.Yd./Hr. 

u 
Q) 
N 

[1       o 

ca 

Crawler 
Code 280 282 284 286 288 
Rate 140 230 330 400 520 

Wheel 
Code 283 285 287 289 
Rate 190 275 350 530 

TJ 

8 
-j 

TJ 
C 
W 
u 
C 
0 
u 
U 

e 
3 
Q 

TJ 
C 

W 

Crawl er 
Code 160 162 164 166 
Rate 100 140 185 245 

Wheel 
Code 161 163 165 167 169 
Rate 130 185 250 330 430 

a 
3 
Q 

TJ 

CO 

Crawl er 
Code 170 172 174 176 
Rate 125 190 215 290 

Wheel 
Code 171 173 175 177 179 
Rate 155 220 300 400 525 

M
ot

or
 

G
ra

d 
er

 

Wheel 
Code 141 143 145 
Rate 160 200 280 

> 
0 q 

Crawler 
Code 260 262 264 266 268 
Rate 80 160 220 260 320 

Wheel 
Code 261 
Ratp 80 

TABLE B. 10 
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COMPOSITE ADfUSTMENT FACTORS 

Debris 
Designation 

Factors For Varying Traffic Content 

Bulldozer 
F ront End 

Joaders Shove s 
1 2 3 1 2 3 1 2 3 

1-1 1.00 1.00 .86 .97 .97 .86 .48 .48 .47 

1-2 .93 .86 .86 .87 .86 .86 .47 .47 .47 

2-3 .75 .75 .72 .72 .72 .71 .43 .43 .42 

3-1 .75 .72 .71 .72 .71 .69 .43 .42 .41 

3-2 .72 .71 .59 .71 .69 .58 .42 .41 .41 

3-3 .72 .59 .57 .71 .58 .53 .42 .41 .40 

3-4 .71 .57 .53 .69 .53 .51 .41 .40 .38 

3-5 .59 .53 .43 .58 .51 Al .41 .38 .32 

4-3 .53 .43 .40 .51 A7 .45 .38 .32 .29 

4-4 .43 .40 .33 .47 .45 .36 .32 .29 .24 

4-5 .40 .33 .33 .45 .36 .36 .29 .24 .24 

5-3 .40 .33 .33 .45 .36 .36 .29 ,24 .24 

5-4 .33 .33 .22 .36 .36 .25 .24 .24 .16 

5-5 .22 .22 .16 .25 .25 .18 .16 .16 .12 

6-4 .22 .16 .16 .25 .18 .18 .16 .12 .12 

6-5 .16 .16 .16 .18 .18 .18 .12 .12 
•- 

NOTE:   Traffic Content:   Light (1), Medium (2), Heavy (3) 

TABLE B.11 
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